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FUNGICIDAL HETEROCYCLIC AROMATIC 
AMIDES AND THEIR COMPOSITIONS, 
METHODS OF USE AND PREPARATION 

PRIORITY CLAIM 

This application claims a priority based on provisional 
applications Nos. 60/149,977 and 60/150,248 which were 
filed in the U.S. Patent and Trademark Office on Aug. 20, 
1999 and Aug. 23, 1999 respectively, the entire disclosures 
of which are hereby incorporated by reference. Provisional 
applications Nos. 60/149,977 and 60/150,248 both claim a 
priority from provisional application No. 60/144,646 which 
was filed on Jul. 20, 1999, the entire disclosure of which is 
hereby incorporated by reference. 

This application claims a priority from non-provisional 
application Ser. No. 09/620,662 which was filed on Jul. 20, 
2000, the entire disclosure of which is hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of fungicidal 
compositions and methods. More particularly, the present 
invention concerns novel fungicidal heterocyclic aromatic 
amides and methods involving application of fungicidally 
effective amounts of such compounds to the locus of a plant 
pathogen. The present invention also concerns methods 
useful in the preparation of heterocyclic aromatic amides 
and their fungicidal compositions. 

2. Description of the Prior Art 

A variety of antifungal compositions and methods are 
well known in the art. Antimycin, for example, has been 
identified as a naturally occurring substance produced by 
Streptomyces spp. with antibiotic properties (Barrow, C. J.; 
et al., Journal of Antibiotics, 1997, 50(9), 729). These 
substances have also been found to be effective fungicides 
(The Merck Index, Twelfth Edition, S. Budavari, Ed., Merck 
and Co., Whitehouse Station, N.J., 1996, p. 120). WO 
97/08135 describes acylaminosalicylic acid amides which 
are useful as pesticides. EP-A-0-661269 discloses substi- 
tuted heterocyclic carboxylic acid amides useful as medical 
drugs. JP-A-7-233165 discloses antifungal dilactones hav- 
ing 3-hydroxypyridinecarboxyl groups with antimycotic 
action. The iso-butyryl, tigloyl, iso-valeryl and 
2-methylbutyryl derivatives of these latter compounds are 
further described in the following references: Tetrahedron 
1998, 54, 12745-12774; J. Antibiot. 1997, 50(7), 551; J. 
Antibiot. 1996, 49(7), 639; J. Antibiot. 1996, 49(12), 1226; 
and Tetrahedron Lett. 1998, 39, 4363-^366. 

However, there has remained a need for new fungicides. 
The present invention provides fungicides which have a high 
residual activity, greater activity at lower application rates, 
curative activity, and a broader spectrum of efficacy. 

SUMMARY OF THE INVENTION 

Briefly describing one aspect of the present invention, 
there are provided compounds comprising heterocyclic aro- 
matic amides (HAA) of the Formula I: 

Formula \ 




wherein Xj-X 4 , M, Z, and A are hereafter defined. The 
invention also encompasses hydrates, salts and complexes 
thereof. 
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The present invention also provides fungicidal composi- 
tions comprising the HAA in combination with phytologi- 
cally acceptable carriers and/or diluents. Methods for the use 
of the heterocyclic aromatic amide compounds and compo- 
5 sitions arc also disclosed. 

It is an object of the present invention to provide HAA and 
compositions thereof which are effective as antifungal 
agents. 

Another object of the present invention is to provide 
methods for the control and/or prevention of fungal 
infestations, which methods include the application of HAA 
and compositions containing same. 

Further objects and advantages of the present invention 
will be apparent from the description which follows. 

15 GENERAL SCOPE OF THE INVENTION 

The present invention relates to various HAA compounds 
which are active as antifungal agents. Also included are 
formulations including the HAA compounds, and methods 
20 of using the HAA compounds and formulations. The meth- 
ods of preparing the HAA compounds are also encompassed 
by the present invention and their method of preparation and 
use as fungicides. 

HAA Compounds 

25 

The novel antifungal HAA compounds of the present 
invention are described by the following Formula I: 

Formula I 



30 



35 

wherein: 
a. 

40 




a 



45 represents a 5- or 6-membered heterocyclic aromatic 
ring in which 

(i) each of X 2 -X 4 is independently O, S, NR*, N, CR" 
or a bond; 

(ii) no more than one of Xi~X 4 is O, S or NR'; 
so (iii) no more than one of X ± -X 4 is a bond; 

(iv) when any one of Xj-X 4 is S, O or NR', one of the 
adjacent Xj-X 4 must represent a bond; and 

(v) at least one of Xj-X 4 must be O, S, NR' or N; 
wherein 

55 R' is H, Q-C3 alkyl, C 2 -C 3 alkenyl, C 2 -C 3 alkynyl, 

hydroxy, acyloxy, Q-C 6 alkoxymethyl, CHF 2 , 
cyclopropyl or C 1 -C 4 alkoxy; and R" is indepen- 
dently H, halogen, cyano, hydroxy, Cj-C 3 alkyl, 
Cj-C 3 haloalkyl, cyclopropyl, Q-C 3 alkoxy, 

60 C t -C 3 haloalkoxy, C 1 -C 3 alkylthio, aryl, C 1 ~C 3 

NHC(0)alkyl, NHC(0)H, C^ haloalkylthio, 
C 2 ~C 4 alkenyl, C 2 -C 4 haloatkenyl, C 2 -C 4 
alkynyl, C 2 -C 4 haloalkynyl or nitro wherein adja- 
cent R" substituents may form a ring or adjacent 

65 R' and R" substituents may form a ring; 

b) Z is O, S or NOR z in which R z is H or Cj-Cj alkyl; 
and 
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c) A represents 

(i) C>C 14 alkyl, C 2 -C 14 alkenyl, or C 2 -C 14 alkynyl, all 
of which may be branched or unbranched, unsubsti- 
tuted or substituted with halogen, hydroxy, nitro, 
aroyl, aryloxy, Q-Cg acyloxy, Q-Cg alkylthio, 5 
arylthio, aryl, heteroaryl, heteroarylthio, 
heteroaryloxy, C x -C 6 acyl, C 3 -C 6 haloalkyl, C a -C« 
alkoxy or Ci-Cg haloalkoxy, 

(ii) C 3 -C 34 cycloalkyl, containing 0-3 heteroatoms and 
0-2 unsaturations, which may be uasubstituted or 
substituted with halogen, hydroxy, C 3 -C 6 alkyl, 10 
Cj-C 6 haloalkyl, cyano, nitro, aroyl, aryloxy, 
heteroaryloxy, C 1 -C 6 alkylthio, arylthio, 
heteroarylthio, C 3 -C 6 alkoxy, C 3 -C 6 haloalkoxy, 
C^Cg acyloxy, aryl, heteroaryl, C 3 -G 6 acyl, 
carboaryloxy, carboheteroaryloxy, C 3 -C 6 car- 15 
boalkoxy or amido unsubstituted or substituted with 
one or two Cj-Q alkyl groups, 

(iii) C 6 -C 14 bi- or tricyclic ring system, containing 0-3 
heteroatoms and 0-2 unsaturations, which may be 
unsubstituted or substituted with halogen, hydroxy, 20 
C-t-Q alkyl, Q-Q haloalkyl, cyano, nitro, aroyl, 
aryloxy, heteroaryloxy, C 3 -C 6 alkylthio, arylthio, 
heteroarylthio, C 3 -C 6 alkoxy, C 3 -C 6 haloalkoxy, 
C 3 -C 8 acyloxy, aryl, heteroaryl, C 3 -C 6 acyl, 
carboaryloxy, carboheteroaryloxy, Cj-C 6 car- 
boalkoxy or amido unsubstituted or substituted with 
one or two C 3 -C 6 alkyl groups, 

(iv) aryl or heteroaryl, which may be unsubstituted or 
substituted with nitro, d-C 6 alkyl, C 3 -C 6 haloalkyl, 
C 3 -C 6 cycloalkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, 
aryl, heteroaryl, halogen, hydroxy, C x -C 6 alkoxy, 30 
C ? -C 6 haloalkoxy, carboaryloxy, 
carboheteroaryloxy, C 3 -C 6 carboalkoxy or amido 
unsubstituted or substituted with one or two C 3 -C 6 
alkyl groups, C 3 -C 6 alkylthio, C 3 -C 6 alkylsulfonyl, 

alkylsulfinyl, C 3 -C 6 OC(0)alkyl, OC(0)aryl, 35 
C 3 -C 6 OC(0)cycloalkyl, C 3 -C 6 NHC(0)alkyl, 
C 3 -C 6 NHC(0)cycloalkyl, NHC(0)aryl, NHC(O) 
heteroaryl, C 3 -C 6 cycloalkylthio, C 3 -C 6 
cycloalkylsulfonyl, C 3 -C 6 cyclo alkylsulfinyl, 
aryloxy, heteroaryloxy, heteroarylthio, 40 
heteroarylsulfinyl, heteroarylsulfonyl, arylthio, 
arylsulfinyl, arylsulfonyl, C(0)R r , C(NOR^)R y , in 
which any alkyl or cycloalkyl containing substituent 
may be substituted with one or more halogens and in 
which any aryl or heteroaryl containing substituent 
may also be unsubstituted or substituted with 
halogen, cyano, nitro, aroyl, aryloxy, aryl, 
heteroaryl, C 3 -C 6 acyl, C 3 -C 6 haloalkyl, C^-Q 
alkoxy, C 3 -C 6 haloalkoxy, C 3 -C 6 carboalkoxy or 
amido unsubstituted or substituted with one or two 
Q-C 6 alkyl groups, where R K and R x are indepen- 50 
dently H, C 3 -C 6 alkyl, C 2 -C 6 alkenyl, C 3 -C 6 
cycloalkyl, aryl or heteroaryl, and 
(v) 




55 



60 



where *=point of attachment in which 
Q ls Q 2 are O or S; 
W is O, CH 2 , CHR 6 , or a bond; 
R x is Ci-Q alkyl, C 2 -C 8 alkenyl, Qr-Cg alkynyl, 
C 3 -C 8 cycloalkyl, aryl or heteroaryl; 
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R 2 is H, C 3 -C 3 alkyl, C 2 -C 5 alkenyl or C 2 -C 5 
alkynyl; 

R 3 is H, R lf 0R A , 0C(O)R 3 , OC(o)OR 3 or OC(O) 
NR R ' 

R 4 and R 5 are independently H, C 3 -C 6 alkyl, or 
C 2 -C 6 alkenyl, provided that the sum of carbons 
for R 4 plus R s is six or less, and further provided 
that R 4 and R 5 may be joined into a C 3 -C 6 ring; 

R 6 and R 7 are independently H, C1-C6 alkyl, C3-C6 
cycloalkyl, C2-C5 alkenyl or C2-C5 alkynyl pro- 
vided that at least one of R 6 and R 7 is H; 

with the proviso that when 




o 



wherein 

R" is H or OCH 3 , then 

R 3 is not isobutyryl, tigloyl, isovaleryl, or 
2-methylbutanoyl; 
d) M represents 

H, Si(t-Bu)Me 2 , Si(Ph)Me 2 , SiEt 3 , SiMe 3 , C(Z)R 8 , 
S0 2 R9 where R 8 is H, C.-Q alkyl, C 2 -C 6 alkenyl, 
C 2 -C 6 alkynyl, C 3 -C 6 cycloalkyl, alkoxyalkyl, 
haloalkyl, alkoxyalkenyl, haloalkenyl, 
alkoxyalkynyl, haloalkynyl, substituted and unsub- 
stituted arylalkyl, substituted and unsubstituted 
arylalkenyl, substituted and unsubstituted 
arylalkynyl, substituted and unsubstituted aryl, sub- 
stituted and unsubstituted heteroaryl, C 3 -C 6 alkoxy, 
C 3 -C 6 cycloalkoxy, C 3 -C 6 haloalkoxy, C 2 -C 6 
alkenyloxy, C 2 -C 6 haloalkenyloxy, C 2 -C 6 
alkynyloxy, C 2 -C 6 haloalkynyloxy, C 3 -C 6 
thioalkoxy, substituted and unsubstituted arylalkoxy, 
substituted and unsubstituted arylalkenyloxy, substi- 
tuted and unsubstituted arylalkynyloxy, substituted 
and unsubstituted aryloxy, substituted and unsubsti- 
tuted heteroaryloxy, amino unsubstitued or substi- 
tuted with one or two C x -C 6 alkyl groups, and R 9 is 
C 3 -C 6 alkyl, C 2 -C 6 alkenyl, C 3 -C 6 alkynyl, C 3 -C 6 
cycloalkyl, aryl, or heteroaryl. 
The terms alkyl, alkenyl, alkynyl and the like, as used 
herein, include within their scope both straight and branched 
groups; the terms alkenyl, alkenylcne and the like are 
intended to include groups containing one or more double 
bonds; and the terms alkynyl, alkynylene and the like are 
intended to include groups containing one or more triple 
bonds. Cycloalkyl, as used herein, refers to C 3 -C M 
cycloalkyl groups containing 0-3 heteroatoms and 0-2 
unsaturations. Bi- or tricyclic ring systems refers to C^-C^ 
aliphatic ring systems containing 0-3 heteroatoms and 0-2 
unsaturations. The foregoing terms further contemplate 
either substituted or unsubstituted forms. Unless specifically 
defined otherwise, a substituted form refers to substitution 
with one or more groups selected from halogen, hydroxy, 
cyano, nitro, aroyl, aryloxy, aryl, arylthio, heteroaryl, 
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heteroaryloxy, heteroarylthio, Q-Q acyl, C x -C 6 haloalkyl, 
Cj-Cg alkoxy, C a -C 6 haloalkoxy, C,-C 6 alkylthio, C a -C 6 
haloalkylthio, carboaryloxy, carboheteroaryloxy, C^-C^ car " 
boalkoxy or amido unsubstituted or substituted with one or 
two Q-Q alkyl groups. All of the above terms and defi- 
nitions assume that the rules of chemical bonding and strain 
energy are satisfied. 

The term aryl as used herein refers to a substituted phenyl 
or naphthyl group. The term heteroaryl refers to any 5 or 6 
membered aromatic ring containing one or more heteroat- 



are pyridine, pyrimidine, pyrazine, pyridazme, thiazole, 
isothiazole, thiadiazole, and oxazole. Particularly preferred 
compounds of Formula I are based upon 2-amido-3- 
hydroxypyridine, 2-amido-3-hydroxy-4-methoxypyndine, 
2-amido-3-hydroxypyrazine, and 4-amido-5- 
hydroxypyrimidine . 

It will be appreciated that certain combinations of sub- 
stituent groups for compounds which fall within the defini- 
tions given herein will be impossible to prepare for stenc 



membered aromatic ring containing one or more heteroat- and/or B chemical reasons . Such compounds are not included 

oms; these heteroaromat.c rings may also be fused to other 10 ^ ^ rf ^ 

aromatic systems. The foregoing terms further contemplate ^ lexes of Mm p 0 unds of 

either substituted or unsubsututed forms. Asubst tuted form ™ s , D * be ' made ^ the Conventional ways. For 

refers to substitution with one or more groups selected from r . , be formed by replacing the hydroxyl 

nitro, C,-C 6 alkyl, C.-C, haloalkyl C 3 -C 6 cycloalkyl, example sate Mn«ybe y^P 8 

C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, aryl, heteroaryl, halogen, 15 SSS^"^? %^ cJ* Li*, Mg 2 *, Fe 2 *, Cu 2 *, etc. These 

^.CrC e ^C^^^,C^*^ dS^LVe 1^ useful m accordance' with the present 

C-C* alkylsulfonyl, Cj-Ce alkylsulfinyl, OC(O) . " n T ' n 

alkyl, OC(0)aryJ, Q-Ca O^loalkyl , C -C 6 NHCjO ~ ghout this document, all temperatures are given in 

alkyl, C 3 -C 6 NHC(0)cycloalky^ NHC(0)aryl, NHC(0) S percentages are weight 

heteroaryl, C 3 -C 6 cycloalkylthio, C 3 -C 6 cycloalkylsul fonyl, 20 degrees Celsius ^ M P ^ ^ ^ ^ 

C 3 -C 6 cycloalkylsulfinyl, ary loxy, heteroaryloxy, *"™^E«Tlie term psi re f ers to pounds per square 

heteroarylthio hetero.rylsumnyl, he -oarylsu^onyl, parte P^ ^Th ^ p ^ ^ ^ ^ 

arylthio, arylsulfinyl, arylsulfonyl, C(0)Ry, WOWr fc m ^ 

where R y and R* are independently H, Cj-Q alkyl, C^-Ce " >~ si~ 

alkenyl, C 3 -C 6 cycloalkyl, aryl or heteroaryl in which any PREPARATION OF COMPOUNDS 

alkyl or cycloalkyl contaimng substituent may be substituted rRcr ™^ 

with one or more halogens and provided that the rules of ^ ^p^jg 0 f trl is invention are made using well 

chemical bonding and strain energy ate satisfied. known chemical procedures. The required starting materials 

The terms halogen and halo as used herein include commercially available or readily synthesized utilizing 

chlorine, bromine, fluorine and iodine. The terms haloalkyl cedures . 

and the like refer to groups substituted with one or more 30 G£NER r AL p REPARA TION OF PYRIDINE-2- 

halogen atoms. CARBOXAMIDES. 

The term Me as used herein refers to a methyl group. The prepared by reacting the 

term Et refers to an ethyl group. The term Prefers to a propyl J^^L^^S^U^n^: carboxylic acid 

group. The term Bn refers to a butyl group. The term Ph W™pnate ortho f , J t 

refers to a phenyl group. The term EtOAc refers to ethyl 35 D VfJUethylamino£ropyl]-3- 



acetate. 

The term alkoxy as used herein refers to a straight or 
branched chain alkoxy group. The term haloalkoxy refers to 
an alkoxy group substituted with one or more halogen 

atoms. , KT 

The term heteroatom as used herein refer to O, S and in. 
The preferred 5- or 6-membered heterocyclic aromatic 

rings of the formula 



(phosgene or 1 -[3-dimethylaminopropyl]-3- 
ethylcarbodiimide hydrochloride (EDCI)) plus 
1-hydroxybenzotriazole (HOBt) or l-hydroxy-7- 
azabenzotriazole (HOAt) and an acid scavenger, e.g. 
N-methylmorpholine (NMM), triethylamine, 
4-(dimethylamino)pyridine (DM AP), or 
diisopropylethylamine) (Scheme 1). In some cases acid 
chlorides with protected hydroxy groups such as (3) could 
be reacted with the appropriate amine to give the interme- 
diate amides (4). Removal of the protecting groups via 
hydrogenation in the presence of a palladium (Pd) catalyst 
gives the desired product (2X). Capping the hydroxyl group 
of the heterocycle in compound 2 with an acyl, sulfonyl, or 
silvl group (M) can be readily accomplished by reacting the 
appropriate 2 with a carboxylic acid chloride, sulfonyl 
include the appropriate isomers of pyridine, pyridazine, 5 o chloride, or silyl chloride (MCI) in a suitable s0 ^ v ^* J* 

thiadiazole. The most preferred heterocyclic aromatic rings derivative (2Y). 

Scheme 1 
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PREPARATION OF THE ORTHO- 
HYDROXYHETERO AROMATIC CARBOXYLIC 
ACIDS 1. 

Preparation of carboxylic acids 1 (X 2 =»N, X ? «X 3 =CH, 
X 4 «independently C-Me, C-SMe, C-Cl) is shown in Scheme 
2. Reaction of 3-hydroxy-2-bromopyridine (5) with 

2- (trimethylsilyl) ethoxymetbyl chloride (SEM-C1) using 
potassium tert-butoxide as the base in a 1:1 mixture of 
dimethylformamide (DMF) — tetrahydrofuran (THF) gave 
the desired ether 6. Deprotonation of 6 with lithium diiso- 
propylamide (LDA) followed by condensation with the 30 
appropriate electrophile (iodomethane, dimethyldisulfide, or 
hexachloroethane) gave the 4-substituted pyridine 7. 
Bromine/lithium exchange between 7 and n-butyllithium 
(n-BULi) followed by carboxylation with carbon dioxide 
(Co 2 ) and acid hydrolysis gave the necessary 4-substituted- 

3- hydroxypicolinic acid IX. 35 



a™ 

N Br 

5 



+ ClCH20CH 2 CH2SiMe3 



t-BuQK m 
DMFA'HF* 



(1) LDA 



,OCH20CH2CH2SiMc3 



(2) Electrophile 



(1) o-BuLi 
7 (2)C0 2 
(3)H + 




co 2 n 



IX 



tert-butyllithium (t-Buli) followed by condensation with 
N-fluorobenzensulfonimide gave the 4-fluoro derivative 10. 
Condensation of 10 with sodium ethoxide gave the diether 
11. Deprotonation of 11 with t-BuLi followed by carboxy- 
lation and acid hydrolysis gave the desired 4-ethoxypyridine 
IX (X-OEt). 



40 



[20CH2CH2SiMe 3 



45 



50 



55 



60 



Scheme 3 



+ SEM — CI 



9 + t-Buli 



(PhSO^NF 



10 + NaOEt 



11 + t-BuLi 




OCH 2 OCH 2 CH 2 SiMe 3 



.OCH 2 OCH 2 CH 2 SiMe 3 



OCH 2 OCH 2 CH 2 SLMe 3 



C0 2 H 



65 



Alternatively, 3-hydroxypyridine (8) could be condensed 
with SEM-C1 to give 9 (Scheme 3). Deprotonation of 9 with 



The preparation of acid chloride 3 is outlined in Scheme 
4. Thus, 3-hydroxypicolinic acid (12) was converted to the 
methyl ester 13 in refluxing methanol using boron trifluoride 
as catalyst. 13 was then brominated using bromine in 
aqueous base to give the dibromide 14. The benzyl ether 15 
was then prepared by condensation of 14 with benzyl 
chloride in the presence of sodium hydride. Careful rnetha- 
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nolvsis of 15 in methanol/potassium carbonate gave the 
4-methoxypicolinic acid derivative 16. Conversion of 16 to 
the acid chloride 3 was accomplished with oxalyl chloride 
using benzene as a solvent and a catalytic amount of DMh 



Scheme 4 



or 



14 
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.OH 



•CO2QI3 



.OCH 2 Pb 



PREPARATION 



OF 



HYDROXYPICOLINIC ACID (1, X^N, 
X 4 =COEt) (SEE SCHEMES 1 AND 3). 



4-ETHOXY-3 



X 2 ~X 3 =CH, 



OEt 




'C0 2 H 



To a stirred solution of 9 (12.39 g, 0.055 mol) in ether 
(200 mL) cooled to §-70° C. under an atmosphere of argon 
was slowly added t-BuLi (40 mL, 1.5 M pentane solution). 
During the addition, the reaction temperature was main- 
tained at S-68° C. After the addition was complete the 
mixture was stirred an additional 60 minutes at §-70 C_ 
then transferred via cannula to » st f ^'li^n 
N-nuorobenzenesulfonimide (18.92 g) in dry THF (200 mL) 
which was also cooled to §-70° C. under argon. After the 
addition was complete, the cooling bath was removed and 
the reaction mixture was allowed to warm up to room 
temperature. Water (100 mL) was added and the organic 
phase was separated, dried (MgS0 4 ) and concentrated to 
give a brown oil. Chromatography (sihea gel, hexane- 
acetone, 9:1) gave the desired product 10 as an orangeod 
is (7 5 a) which contained about 15% starting material. This 
crude mixture was used directly in the £emeacuon_ 

c PREPARATION OF 4-ETHOXY-3-(2- 
(TRIMETHYLSILYL)ETHOXYMETHOXY)PYRIDINE 

(1 To a stirred solution of sodium ethoxide (0.9 g, 13mmol) 
in ethanol (10 mL) was added all at once 10 (1.07g, 4.4 
mmol). The resulting mixture was stirred at room tempera- 
ture for 48 hours, then poured into water (10C I mL). jhe 
resulting mixture was extracted with ether (3x50 mL). lUe 
ether extracts were combined, dried (MgSO„) and concen- 
trated. The resulting amber oil was chromatographed (sdica 
gel, hexane-acetone, 4:1) to give 11 as a yeUow oi (06 g). 

d 4-ETHOXY-3-HYDROXYPYRID1NE-2- 
CARBOXYLIC ACID (1, X^N, X^X^CH, X 4 =COEty 
A stirred solution of 11 (2.9 g) in THF (50 mL) under an 
argon atmosphere was cooled to §-70° C. To this was 
slowly added t-BuLi (8 mL, 1.5M ^ n ^ U ° n > ^ 
keeping the reaction temperature at §-66 C. Alter tne 
addition was complete, the mixture was stirred at =-70 U 
for 45 minutes and then poured into a slurry of crushed dry 
35 ice in ether. The resulting mixture was stirred until it reached 
room temperature, then the solvents were evaporated. THr 
(25 mL) and 4N HC1 (15 mL) were added to the residue and 
the resulting mixture was stirred at room temperature for 
two hours. At the end of this period, the insoluble ^materia 
40 was filtered, washed with a small volume of THF and air 
dried to give the title compound as a white solid -{X^U- 
PREPARATION OF 6-BROMO-3-BENZYLOXY-4- 
METHOXYPYRIDINE-2-CARBOXYLIC ACID (16) 
AND ITS ACID CHLORIDE (3) (SEE SCHEME 4). 
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a PREPARATION OF 3-(2-(TRIMETHYLSILYL) 
ETHOXYMETHOXY)-PYRIDlNE (9). 

To a stined mixture of DMF (100 mL) and THF (100 
mL) was added solid potassium tert-butoxide (17 96 g, 0.16 so 
mol) After all of the solid had dissolved, the solution was 
cooled to §5° C. and 3-hydroxypyridine (14.25 g, 0.15 mol) 
was added aU at once. After stirring for 10 ^minutes, the 
mixture was cooled to -10° C. and SEM-C1, 25 g, 0.15 mol) 
was added dropwise at such a rate that the internal tempera- 55 

lure remained at =-5° C. After the addition was complete 

the mixture was stirred at 0' C. for 1 hour, then at room 20 

temperature for 2 hours. The mixture was poured into water 

(600 mL), then extracted with ether (3x150 mL). The ether 

extracts were combined, washed sequentially wi h 2N 60 

NaOH (100 mL), water (50 mL), and saturated NaCl solu- 
tion (100 mL), dried (MgS0 4 ) and concentrated to give a 

brown liquid. Distillation gave the desired ether 9 as a 

SeJsTquid (20.8 g),b. P . 95^9' >C@a03 mm ^ ^^^0^0X^ (14). 

b. PREPARATION OF a 2 L 3-necked flask equipped with a dropping funnel 

(TRIMETHYLSI LYL)ETHOXYMETHOXY)PYRIDINE J^«d«SSSrw. was added water (800 mL) and 
(10). 




PREPARATION OF METHYL 4.6-DIBROMO-3- 
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methyl 3-hydroxypyridine-2-carboxylate (15.3 g). To this ued until all the solids had dissolved. The organic layer was 

stirred solution was slowly added bromine (32 g). As the separated and the aqueous phase extracted with ether (200 

reaction progressed, a solid separated from solution and the mI \ organic phases were combined, dried (MgS0 4 ) 

reaction mixture became difficult to stir. After the addition . 4 * , 4 , A . • ~~ 0 » _ tU , 

- . . L . a « * «| * and the solvent evaporated to give 32.8 g of methyl 

was complete, the mixture was vigorously stirred until the 5 „ , „ , , . 

bromine color disappeared. 1 H-NMR (CDC1 3 ) of a small 6-bromo-3-bydroxypicolinate as an off-white solid. Recrys- 

sample of the crude product showed that it was about a 3:1 tallization from methanol/water gave an analytical sample, 

mixture of mono to dibrominaled product. Sodium carbon- m.p. 115-117° C. 

ate (31.8 g) was carefully added to the reaction mixture and To a stirred so i uUon G f th i s ester ( 2 .32 g) in THF (15 mL) 

then additional bromine (12 g) was added drop wise. After <n _ ^ , , . n , r j u ^ /1 v ■ 

. . • ^ io was added all at once a solution of LiOH.H-O (1 g) in water 

the bromine color had disappeared, the reaction mixture was _ . . . . . . * * . 

adjusted to approximately pH 5 with cone. HC1, and the ( 7 mL )- ^ ^suiting mixture was stirred for 2 hours at room 

resulting mixture was extracted with CH 2 C1 2 (3x150 mL). temperature then poured into water (100 mL). The pH was 

The organic extracts were combined, dried (MgS0 4 ) and adjusted to approximately 3 with IN HC1, then the mixture 

concentrated to give an orange solid (14 g). This material was extracted with CH 2 C1 2 (3x100 mL). The organic extract 

could be recrystallized from methylcyclobexane (after char- 15 was dried (MgS0 4 ), filtered and concentrated to give 2.0 g 

coal treatment) to give 14 as a white solid, m.p. 181-183° C. of a white ^ whose * H -NMR and MS were consistent 

b. PREPARATION OF METHYL 4,6-DIBROMO-3- - th t « A - A \ itU - H 17 
BENZYLOXYPYRIDINE-2-CARBOXYLATE (15). Wlth demd *** * Cld 17 

To a stirred mixture of sodium hydride (0.6 g) in DMF (50 3-BENZYLOXY-6-METHOXYPICOUNIC ACID (18). 
mL) was slowly added 14 (7.1 g). After the addition was 20 

complete, the mixture was stirred at room temperature for 15 18 
minutes, then benzyl chloride (3.05 g) was added all at once. 
The mixture was then heated at 90° C. for six hours, cooled, 
poured into water (500 mL) and extracted with ether (2x200 
mL). The ether extracts were combined, washed with 2N 25 
NaOH (50 mL), dried (MgS0 4 ) and the solvent was evapo- 
rated to give 15 as a light yellow solid (8.3 g). Recrystalli- Meo^ ^cc^H 
zation from a small volume of methanol gave an analytical 
sample, m.p. 75-76° C. 

c. 6-BROMO-3-BENZYLOXY-4- 30 A solution of methyl 3-benzyloxypicolinate (4.86 g) and 
METOOXYPYRIDINE-2-CARBOXYLICACID(l6). 3-chIoroperoxybenzoic acid (5.75 g, 60% peracid) in 

A vigorously stirred mixture of 15 (25.5 g), potassium CHjC^ (100 mL) was stirred at room temperature for 40 

carbonate (75 g) and methanol (300 mL) was heated at reflux houfS ^ reaction mixmre was meQ extracted ^ 5% 

for 30 hours^The mixture was cooled poured into water ( then ^ Q 5N NaQH 

(800 mL), and the pH adjusted to 2 by the addition of cone. J5 , . TX iJf \ . ' 0 ^ . . , 

HC1. The resulting mixture was extracted with CH 2 C1 2 solutlon ( 15 ° mL >' Mtci (MgSO,), the solvent was 

(3x150 mL). The organic extracts were combined, dried evaporated to give 4.9 g of methyl 3-benzyloxypicolinate- 

(MgS0 4 ) and the solvent was evaporated to give a nearly 1 -oxide as a white solid. Recrystallization from 

colorless oil (20.5 g) which slowly solidified upon standing. methylcyclohexane/toluene gave a crystalline solid, m.p. 

This was recrystallized from methanol (125 mL)/water (40 40 104-106° C. 

mL) to give the desired acid 16 (11.6 g), m.p. 134-135° C. A solution of this compound (16.1 g) in acetic anhydride 

METHOXYPYRIDINE-2-CARBONYL CHLORIDE (3). ; . y _ . , . . , 

^ j c /» C a n c *\ • 1 3 hours. The excess acetic anhydride was removed on a 

To a stirred mixture of 16 (2.54 g., 7.5 mmol) in benzene . . \ t . . . / _ rtn 

(30 mL) containing DMF (3 drops) was added oxalyl « rotary evaporator and the residue taken up in methanol 200 

chloride (1.90 g, 15 mmol) in one portion. After gas evo- mL >- Conc - sulfunc acid ( l mL ) was added and the ^suiting 

lution had ceased (about 45 min.), the now homogeneous mixture heated at reflux for 90 minutes. The solvent was 

solution was stirred an additional 15 min., then the solvent evaporated then saturated sodium bicarbonate added to the 

was evaporated. 1,2-Dichloroe thane (30 mL) was added and residue. The resulting mixture was extracted with CH 2 C1 2 

again the solvent was evaporated to give a quantitative yield 50 (3x100 mL). The organic fractions were combined, dried 

of 3 as a nearly colorless oil. This material was dissolved in (MgS0 4 ) and the solvent evaporated to give 15.5 g of 

CH 2 C1 2 (10 mL) or THF (10 mL) and used directly in methyl 3-benzyloxy-6-hydroxypicolinate as a yellow solid. 

f tvt^ a ™ ,< -*\ Recrystallization from toluene gave a pale yellow solid, m.p. 

6-BR0M0-3-HYDR0XYPIC0LINICACID(17). 91-92° C 

17 To a stirred solution of this compound (10.25 g) in toluene 

^^s. ^OH (125 mL), warmed in an oil bath at 60° C. was added silver 

y |] carbonate (16.6 g), then methyl iodide (8.52 g). The result- 

JL IL ing mixmre was stirred and heated for 3 hours at 60° C. After 

Br N co 2 h 60 cooling, the mixture was filtered through Celite® and the 

solvent evaporated to give a yellow oil. Silica gel chroma- 

To a mechanically stirred solution of methyl lography (4:1 hexane/acetone) gave a nearly colorless oil, 

3-hydroxypicolinate (30.6 g) in water (800 mL) was slowly whose *H-NMR and MS data were consistent with methyl 

added bromine (32 g) over a 30 minute period. After the 65 3-benzyloxy-6-methoxypicolinate. Hydrolysis of this ester 

addition was complete, stirring was continued for an addi- to the title acid 18 was accomplished with Li0H.H 2 0 as 

tional hour. Ether (300 mL) was added and stirring contin- described above for related esters. 
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4-HYDR0XYPYRIMIDINE-5-CARB0XYLIC ACID 6-CHL0R0-3-HYDR0XY-5-METH0XYPYRAZINE-2- 
(19). CARBOXYLIC ACID (22), 



19 

N OH 

N ^C0 2 H 

Ethyl 4-hydroxypyrimidine-5-carboxylate can be pre- 
pared following the procedure of M. Pesson et al., Eur. J. 
Med. Chem.—Chim. Ther. 1974, 9, 585. A solution of this 
ester (500 mg, 3 mmol) in THF (10 mL) and MeOH (5 mL) 
was treated with LiOH.H 2 0 (373 nig, 8.9 mmol) and stirred 
overnight. The mixture was quenched with cone. HC1 (1 
mL) and extracted with EtOAc (2x20 mL). The combined 
organic extract was dried (MgS0 4 ) and concentrated to give 
260 mg of the title compound 19 as an orange solid, m.p. 
220° C. (dec). 

4-HYDROXY-2-METHYLPYRIMIDINE-5- 
CARBOXYLIC ACID (20). 





CQ 2 H 



nr 



22 



CO2H 



Ethyl 4-hydroxy-2-methylpyrimidine-5-carboxylate was 
prepared following the procedure of Geissman et al.,/. Org. 
Chem., 1946, 11, 741. A solution of this ester (750 mg, 4.11 
mmol) in THF (10 mL) and MeOH (5 mL) was treated with 
LiOH.H 2 0 (431 mg, 10.3 mmol) and stirred overnight. The 
mixture was quenched with cone. HC1 (1 mL) 30 and 
extracted with EtOAc (2x20 mL). The combined organic 
extract was dried (MgS0 4 ) and concentrated to give 155 mg 
of the title compound 20 as a white solid, m.p. 180° C. (dec). 
5,6-DICHLORO-3-HYDROXYPYRAZINE-2- 
CARBOXYLIC ACID (21). 



21 



C0 2 H 



A stirred mixture of methyl 3-amino-5,6- 
10 dichloropyrazine-2-carboxylate (5.0 g, 23 mmol) and 
sodium methoxide (3.6 g, 67.5 mmol) in absolute MeOH (50 
mL) was heated at reflux for 2 hours, then allowed to cool 
and acidified with cone. HCL The precipitate was collected 
by filtration, washed with water and air-dried to afford 3.6 g 
15 of a brown solid. Recrystallization from hexane-EtOAc 
(1:1) afforded 2.6 g of a pale yellow solid whose spectra 
were consistent with methyl 3-amino-6-chloro-5- 
methoxypyrazine-2-carboxylate . 
This compound (1 g, 4.6 mmol) was taken up in cone. 
20 sulfuric acid, cooled to 0° C. and treated slowly with sodium 
nitrite (0.5 g, 6.9 mmol). After 30 minutes at 0° C. the 
mixture was poured into 300 g of ice/water, resulting in 
foaming. Stirring was continued for 30 minutes, then the 
solid was collected by filtration and washed with water. The 
wet solid was taken up in EtOAc, dried (MgS0 4 ), filtered 
and concentrated. This gave 0.95 g of an off-white solid, 
m.p. 180-182° C 6 whose NMR spectra were consistent with 
methyl 6-chloro-3-hydroxy-5-methoxypyrazine-2- 
carboxylate. 

This solid (0.9 g, 4.1 mmol) was treated with IN NaOH 
30 (60 mL), and the mixture was stirred for 1 hour, then 
acidified with cone. HQ. The precipitate was collected by 
filtration and washed with water, then was dissolved in 
EtOAc, dried (MgS0 4 ), filtered and concentrated. This 
afforded 0.62 g of a pale yellow solid, m.p. 170-173° C. 
35 whose spectra were consistent with the desired title acid 22. 
4-HYDR0XYIS0THIAZ0LE-3-CARB0XYLIC ACID 
(23). 

This acid was obtained following the procedure shown in 
Scheme 5. 

40 Scheme 5 
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45 



Methyl 3-amino-5,6-dichloropyrazine-2-carboxylate (5.0 
g, 23 mmol) was stirred in cone, sulfuric acid (140 mL) and 
cooled to 0° C. Sodium nitrite was added slowly, maintain- 
ing the temperature close to 0° C. After an additional 30 
minutes at 0° C. the mixture was allowed to warm to 
ambient temperature and stirred for 3 hours. The mixture 
was poured into 500 g of ice, resulting in bubbling and 
foaming. After 30 minutes, the mixture was extracted 3 
times with EtOAc. The combined organic extract was dried 
(MgS0 4 ), filtered and concentrated. The yellow solid which 
was left was washed with water and air-dried, to leave 5.0 
g of a yellow solid, m.p. 114-116° C. whose 13 C-NMR 
spectrum was consistent with the methyl ester of the title 
compound. 

This solid (5.0 g) was treated with 1 N NaOH (20 mL) and 
the mixture heated at 90° C. for 1.5 hours. After allowing to 
cool, the mixture was acidified with cone. HC1, then 
extracted 3 times with EtOAc. Drying (MgS0 4 ), filtration 
and concentration afforded 0.48 g of a dark yellow solid, 
whose *H-NMR and MS spectra were consistent with the 
title acid 21. 




C0 2 Et 



NIIAc 



CH3COSH 
KOlVEtOH* 



»2Et 




50 



NHAc 



2Br 2 
CHClj* 

HO C0 2 Et 

o 



60 




C0 2 H 



23 



1) UOH 

THF — H 2 0 

2) HC1, H 2 0 



Thus, to a stirred solution of solid KOH (88%, 6.98 g, 
0.11 mol) in 75 mLof EtOH in a flask flushed with nitrogen 
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mixture was stirred in an ambient water bath for 3 hours, me thylpyrazole-4-carboxylate, which were pure by 

then was poured into 300 mLCH 2 Cl 2 and 1000 mL water 'H-NMR. 

The aqueous layer was extracted four times with 200 mL of Ethyl 3 .benzyloxy-l-methylpyrazole-4-carboxyIate (283 

OLCl,. The combined organic extracts were washed with ^ mg? l Qg mm0 ^ [n ( 10 m L), MeOH (2 mL), and water 

100 mL of cold water and saturated salt solution and dried. ^ ir ^ 6 with Li0 H.H 2 0 (91 mg, 2.17 mmol) and 

The crude mixture was filtered and concentrated. The result- v ov fat Tfae mixture was quenche d with cone. HC1 

i 0 ^^ (imqandeL*^ 

consistent with ethyl 2-acetylamino-4-acetylthio-3- 15 a whit£ ^ (22 7 mg), m.p. 169-172 C. whose spectra 

oxobutanoate. were consistent with 3-benzyloxy-l-methylpyrazole-4- 

To a rapidly stirred solution of this compound (12.95 g) carboxy i ic ac id (24). 

in 450 mL of chloroform, cooled in an ice bath to below 5 £ 5 _ benzy i oxy _i. me ihylpyrazole-4-carooxylate (755 

C. bromine (15.8 g, 2 equivalents) in 50 mL of chloroform - was , jkewise hydro i yzed using LiOH.H 2 0 

was added dropwise over 45 minutes. Stirring was continued 20 s, _ 5 g mmol) in THF (20 mL), MeOH (4 mL), and 

with 100 mL of chloroform. The combined chloroform 25 BOXYLIC ACIDS. ^ ^ , 

solutions were washed with saturated salt solution and dried 4-Hydroxynicotinic acid was Prepared by the procedure 

over MgS0 4 The solution was filtered and concentrated to of M . Mittelbach et al., Arch. Phaxm. (Weinheim, Germany) 

a crude oil. This was chromatographed on silica gel using a 19g5> 318> 48 i^86. 2-Hydroxy-6-methylnicotimc acid can 

serial gradient from petroleum ether-CH 2 Cl 2 (3:1) to be prepared following the method of A. Dornow, Chem. Ber. 

CH 2 C1 2 , to give first 0.79 g of ethyl 5-bromo-4- 30 ^ 73j 153> 4>6 .Dimethyl-2-hydroxynicotinic acid can be 

hydroxyisothiazole-3-carboxylate, and then 3.40 g of ethyl ' ed ' following the method of R. Mariella and E. 
4-hydroxyisothiazole-3-carboxylate as colorless crystals, ^ j Am Qhem ^ 1951? 73j 2 616. 5-Chloro-2- 

m.p. 44-7° C. consistent by MS and H-NMFL hv Hrnvv 6-methvlnicotinic acid can be prepared by the 

To 710 mg of the latter ester in 30 mL of THF was added hydroxy-6-methymicotinic aciu v v 

to" in the refrigerator. The precipitated sohd was of P. Nantka-Namirski and ARykowski, Chem.Abstr, 1972 

collected by filtration to give 710 mgof thedilithium salt of 77) n 42 05. 3-Hydroxyisonicotimc acid was prepared 

the carboxyiic acid. This salt was taken up in 7 mLof water, according to the method of J. D. Crum and C. H. Fuchsman, 
cooled in an ice bath, and taken to pH 1 by addition of 2N 40 } Heterocycl chem , i 966 , 3, 252-256. 3-Hydroxypyrazine- 

HC1 The resulting solution was extracted three times with 2 -carboxylic acid can be prepared according to the method 

50 mL of EtOAc. The combined extracts were washed with rf A p ^ ho et .j _ j. Heterocycl. Chem. 1997, 34, 27. 

5 mL of brine and dried (Na 2 S0 4 ), filtered, and the filtrate 6 . Dimethy i-3-hydroxypyrazine-2-caiboxyUc acid can be 

placed in the refrigerator. The chilled solution was re-filtered > J corresponding ethyl ester, 

C ARB OXYLI C ACID (24) AND 5-BENZYLOXY-l- method of I. Ichimoto, K. Fujii, and C. Tatsumi, Agnc. Biol. 
MeWlPYRAZOLE-4-CARBOXYLICAQD(25). 50 Qhem 1967> 31? 979> 3 ,5-Dihydroxy-l,2,4-triazine-6- 

carboxylic acid was prepared by the method of E. Falco, E. 
24 Pappas, and G. Hitchings, J. Am. Chem. Soc. y 1956, 78, 
N^^^^K^Ph 193g 5 . Hydroxy .3. m ethylthio-l^,4-triazine-6-carboxylic 

/ j 55 acid was prepared following the method of R. Barlow and A. 

Welch, J. Am. Chem. Soc, 1956, 78, 1258. 
00211 Hydroxyisothiazole-, hydroxyisoxazole-, and 

hydroxypyrazole-carboxyiic acids were prepared by the 
\ 0 Ph method of T. M. Willson et al., Bioorg. Med. Chem. Lett., 

/^Y^ Vs ~ / 60 1996> 6f 1043> 3.Hydroxy-l,2,5-thiadiazole-4-carboxyhc 

i\ | acid was' prepared by the method of J. M. Ross et al., J. Am. 

^^co 2 H Chem. Soc, 1964, 86, 2861. 3-Hydroxyisoxazole-4- 

carboxylic acid was obtained following the procedure 
1 .u i a « described by K. Bowden et al., J. Chem. Soc. (C), 1968, 172. 

A mixture of ethyl 3-hydroxy- -me hy pyrazo e-4- 65 * yrazo le-4<arboxylate was generated 

carboxylate and ethyl mS^J^ L method of A. W. Taylor and R. T. 

carboxylate (obtained by the procedure of Y. Wang, et al., m accoraanLc 
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Cook, Tetrahedron, 1987, 43, 607. 3-Benzyloxyquinoline- 
2-carboxylic acid was prepared following the procedure of 
D. L. Boger and J. H. Chen, J. Org. Chem. 1995, 60, 
7369-7371. 

GENERAL PREPARATION OF THE INTERMEDIATE 
AMINES AND ANILINES. 

The synthesis of cyclic, acyclic and benzylamines was 
carried out by the reduction of the corresponding oximes 
either by use of metal hydrides or dissolving metal reactions 
as is illustrated by R. O. Hutchins and M. K. Hutchins in 
Comprehensive Organic Synthesis; B. M. Trost, Ed.; Perga- 
mon Press: Oxford, 1991; Vol 8, p. 65; or J. W. Huffman in 
Comprehensive Organic Synthesis; B. M. Trost, Ed.; Perga- 



10 



and H. Senda, Tetrahedron, 1998, 54, 12745, or by modi- 
fications of these procedures. Such a modification is shown 
in Scheme 6. Thus, 26 (from the above reference) was 
reduced with lithium borohydride and the resulting primary 
alcohol capped with triisopropylsilane (TIPS) to give 27. 
The free hydroxyl group of 27 was reacted with 1-bromo- 
2-methyl-2-propene followed by catalytic reduction of the 
double bond to give 28. Selective removal of the 
paramethoxybenzyl (PMB) blocking group followed by 
condensation with N-t-BOC-O-benzyl-L-serine gave 29. 
Removal of the TIPS group followed by oxidation of the 
resultant hydroxy group gave 30. This material (30) was 



mon Press: Oxford, 1991; Vol 8, p. 124. Alternatively, these 15 subseq uently converted to the amine 31 using procedures 



amines could be prepared directly from the requisite ketones 
and aldehydes via a Leuckart reaction as exemplified by R. 
Carlson, T. Lejon, T. Lunstedt and E. LeClouerec, Acta 
Chem. Scand. 1993, 47, 1046. The anilines in general were 
prepared by catalytic reduction of the corresponding 
nitroaromatics using Pd on charcoal or sulfided platinum on 
charcoal as catalysts. Such procedures are well documented 
as in, for example, R. L. Augustine, Catalytic 
Hydrogenation, Marcel Decker, Inc., New York, 1965. 

The amines 49, which are 9-membered dilactone ring 
systems, were prepared according to the procedures of M. 
Shimano, N. Kamei, T. Shibata, K. Inoguchi, N. Itoh, T. Ikari 



described in the above reference. 



49 



20 
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In a similar manner, the syntheses of aminodilactones 38 
and 48, which lack the exocyclic ester functionality, are 
outlined in Schemes 7 and 8, respectively. 



OH CH 3 




Scheme 7 

O CH 3 CH 3 



O CH 3 CH 3 



ZHN //f 



"OH 



ZHN/„ 



ZHN, 



V 



H 3 C^ "O' 



37 




CH 3 



CH 3 



H 3 C* X * "OtBu 
Z = Carbobenzyloxy 



H 3 C N OtBu 



33 



34 



O CH 3 CH 3 



I- 



H 3 C V OH 




J(34%, two steps) 
O CH 3 CH 3 



OH ZHN, 



36 



100% 




H 3 C**' "OtBu 



35 



g 

100% 




38 



CH 3 

(a) DCC, DMAP, CH&t 0>) (CFjCO^IPn, CH3CN/H2O; (c) CrC 3 , AcOa Pyi; (d) CFsCOzH; 
(e) Aldrithiol-2, PhjP, Benzene; (f) 1.0 M AgC10 4 , toluene, CH 3 CN; (g) Pd (blacky CH 3 OH 

Scheme 8 



OH O 




O U 

PbCH^ X _^ PhCH 2% JL 

one C O SQ% T\ U 71% 



PhCH 2 



HO CH 3 



CH 3 



40 




OMe O CH 3 CH 2 Ph 



BOCNH,, 



OBn 



44 

58% 
2 steps 



O CH 3 CH 2 Ph 




T>Bn 



O CH 3 CH 2 Ph j( 41% ) 




0H iok^ B0CN V 




, 0H k(1 ° 0%) , RHN, 



BOCNH/. 



OBn 

47R=£&C 

45 46 48R = H 

(a) lb 10% Pd/C, CH 3 0H, HQ; (b) pTsCL EtjN, DMAP, CH 2 Cl 2 ;(c) H* 10% Pd/C. EtOAc; (d) DIBAL-H. Et A (e) 1, 3-propanethiot. BP 3 0Et 2 , (f) EDO, DMAP. 

DMF; (g) (CF 3 C0 2 ) 2 IPh, CH 3 CN, H 2 0; (h) OOj, AcOH, pyr; (i) H 2 , 10% Pd/C EtOAc; Q) DIAD, PPb 3 , Benzene; (k) CFjCOzH 
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PREPARATION OF 27 (SEE SCHEME 6). mixture of 50 mL of ice-cold 0.5N HC1 and 20 mL of 

To a solution of lithium borohydride (2.0M in THF, 7.5 CH 2 C1 2 and stirred for 10 min. The phases were separated 

mL, 15 mmol) in 7.5 mL dry THF was added 0.1 mL and the aqueous phase was extracted with 1x10 mLCH 2 Cl 2 ; 

trimethyl borate. This mixture was cooled under nitrogen then, the combined organic phases were dried and concen- 

atmosphere to -30° C. To this solution was added dropwise 5 trated to give a pale oil. This was chromatographed to give 

a solution of compound 26 (4.58 g, 10 mmol) in 10 mLTHF 2.30 g of 29 as a nearly colorless heavy oil. TLC and 

over a 10 min period. The solution was stirred at -30° C. for 'H-NMR appeared quite pure. 

1 hr, then at 0° C. for 5 hrs. Saturated ammonium chloride PREPARATION OF 30 (SEE SCHEME 6). 

solution (10 mL) was added dropwise, the mixture was Silyl ether 29 was dissolved in 7 mL dry pyridine and 

stirred for 10 min, and the phases were separated. The 10 cooled in an ice bath. HF-pyridine complex (4.5 mL) was 

aqueous phase was extracted with EtOAc (2—25 mL), and added over a 1 min period and the solution was stirred at 

the combined organic phases were washed with saturated room temperature for 17 hr, then heated to 50° C. for 4.5 hr, 

brine, dried over sodium sulfate, and evaporated to dryness. when conversion stopped. The mixture was poured into 

The crude product was chromatographed to give 2.1 g white ice-water and extracted with 3x50 mL ether. The combined 

solid. A sample recrystallized from hexane-EtOAc gave fine is organic phases were washed with water, IN HC1, then dried 

white needles, m.p. 91-93° C. [ k, 25 - +31.9° (C=1.04, and concentrated to give an oil. This was chromatographed 

CHC1 3 ). This diol (2.04 g, 6.22 mmol) was dissolved in 4 to give 1.23 g of desired alcohol as a viscous oil, as well as 

mL dry DMF and imidazole (680 mg, 10 mmol) was added. 365 mg of recovered 29. The alcohol (1.14 g, 2.10 mmol) 

The solution was cooled in an ice-bath, and then triisopro- was dissolved in 10 mL DMF, and pyridinium dichromate 

pylchlorosilane (1.39 mL, 6.5 mmol) was added over 2 min. 20 (3.76 g, 10 mmol) was added. After 21 hours, the mixture 

The mixture was stirred at room temperature for 4 hr, then was poured into ice-water, IN HC1 was added until the pH 

poured into ice-water, and extracted with 20% ether in was below three, and then solid sodium bisulfite was added 

hexanes (3-15 mL). The combined organic phases were until the orange color was discharged. The aqueous phase 

washed with brine, dried, and filtered through a short plug of was extracted with ether (3x50 mL). The organics were 

silica gel, which was washed with 20 mL of the same 25 combined, washed, dried (Na^O^J, and concentrated. The 

solvent. The solvent was evaporated to give 2.77 g of residue was chromatographed to give 811 mg of viscous oil 

compound 27 as a pale viscous oil, which was very pure by which was pure enough to carry on. The acid was dissolved 

^H-NMR. in 30 mL of EtOAc and 200 mg of Pearlman's catalyst was 

PREPARATION OF 28 (SEE SCHEME 6). added. The slurry was shaken under 50 psi of hydrogen 

Sodium hydride (60% oil dispersion, 400 mg, 10 mmol) 30 pressure for 4 hr, 300 mg fresh catalyst was added, and 

was charged to a 50 mL flask and washed three times with shaking was continued for 2 hrs. It was then filtered and the 

hexanes. DMF (15 mL) was added and the suspension was solvent was evaporated to give 30 as a viscous gum which 

stirred as compound 27 (2.53 g, 5.19 mmol) in 5 mL dry was pure enough for further use. 

DMF was added dropwise over 15 min. The reaction was THREONINEDITHIANE 33 (SEE SCHEME 7). 

stirred for 15 min and then cooled to below 10° C. and 35 Pentyldithiane 32 (Hirai, Heterocyles 1990, 30(2, Spec. 

l-bromo-2-methyI-2-propene (1 mL, 10 mmol) was added Issue), 1101) (200 mg, 0.97 mmol) was dissolved in 10 mL 

over 5 min, followed by stirring for 2 hr at room tempera- of CH 2 C1 2 at room temperature. N-(Z)-0-t-Butyl-(L)- 

ture. The mixture was partitioned between hexanes/ice-cold threonine (900 mg, 2.91 mmol) was added followed by 

ammonium chloride solution, worked up as in preparation of DMAP (36 mg, 0.29 mmol). To this mixture was added 

27, and the crude product was chromatographed to give 2.20 40 dropwise a solution of dicyclohexyl carbodiimide (DCC) 

g of colorless oil which was pure by *H-NMR and elemental (1M in CH 2 C1 2 , 2.9 mL, 2.9 mmol) followed by stirring at 

analysis. This material (2.38 g, 4.4 mmol) was dissolved in room temperature overnight. The reaction was diluted with 

50 mL of EtOAc in a 100 mL Morton flask under nitrogen. 50 mL of ether (E^O), filtered and concentrated. The 

150 mg of 5% Pt on carbon was added, and the mixture was resulting residue was applied to a small (4") silica gel 

stirred under 1 atmosphere of hydrogen for 20 min. The 45 gravity column and eluted with 4:1 hexanes/EtOAc. The 

catalyst was removed by filtration, and the solvent was eluent collected from the silica gel column was further 

evaporated to give 2.35 g of 28 as a colorless oil which was purified by radial chromatography using 4:1 hexanes/EtOAc 

pure by 1 H-NMR. as the eluent. Product fractions were evaporated and kept 

PREPARATION OF 29 (SEE SCHEME 6). under high vacuum (45° C. @ 0.1 torr) to constant weight to 

To a 50 mL flask equipped with magnetic stirring was 50 give 500 mg of a nearly colorless heavy oil identified as 

charged a solution of ether 28 (2.0 g, 3.68 mmol) in 40 mL dithiane 33 (TLC R/=0.32, X H-NMR). 

CH 2 C1 2 and 2 mL water. This was stirred under nitrogen and THREONINECARBOXYLIC ACID 35 (SEE SCHEME 7). 

cooled in an ice-bath at <10° C. as 2,3-dichloro-5,6-dicyano- Threoninedithiane 33 (500 mg, 1.01 mmol) was dissolved 

1,4-benzoquinone (DDQ) (920 mg, 4.05 mmol) was added in 10 mLof a 9:1 CH 3 CN/H 2 0 mixture at room temperature, 

in one portion. The ice-bath was removed, and the mixture 55 [Bis(trifluoroacetoxy)iodo]benzene (650 mg, 1.50 mmol) 

was stirred for 1 hr. at room temperature. The gold suspen- was added and the reaction was stirred for 10 min. Saturated 

sion was suction filtered, the cake was washed with 2x10 mL NaHC0 3 was added (20 mL) and the solution was extracted 

CH 2 C1 2 , and the filtrates were extracted with 0.2N NaOH with Etfi (3x20 mL). The ethereal layer was dried over 

(2x25 mL). The organic layer was dried and concentrated to MgSO,,, filtered, and concentrated. The aldehyde 34 was 

give a pale oil, which was purified by chromatography to 60 sufficiently pure (TLC,GC/MS) for use directly in the next 

give 1.53 g of colorless oil which was pure by elemental reaction. The crude aldehyde was taken up in 15 mL (4,95 

analysis. This was dissolved in 25 mL CH 2 C1 2 and stirred in mmol) of Cr0 3 reagent (made from 1 g Cr0 3 , 30 mL of 

an ice-bath under nitrogen as DMAP (854 mg, 7 mmol), CH 3 C0 2 H and 1 mL pyridine) and stirred at room tempera- 

EDCI (1.34 g, 7 mmol), and N-t-BOC-O-benzyl-L-serine ture overnight. The solution was diluted with 30 mL cold 

(2.07 g, 7 mmol) were added sequentially. The cooling bath 65 water and extracted with E^O (3x30 mL). The organic layer 

was removed, and the mixture was stirred for 2 hr at room was washed with 30 mL brine, dried over MgS0 4 , filtered, 

temperature. It was then poured into a rapidly stirring and concentrated. The residue was purified via radial chro- 
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matography using 2:1 heptane/EtOAc containing 2% 
CH 3 C0 2 H as the eluent. The carboxylic acid 35 (120 mg) 
was quite pure by TLC and 1 H-NMR. 
THREONINKHYDROXYCARBOXYLIC ACID 36 (SEE 
SCHEME 7). 

Threoninecarboxylic acid 35 (137 mg, 0.324 mmol) was 
stirred in 3 mL of trifluoroacetic acid for 10 min and the 
mixture was concentrated on a rotary evaporator. The resi- 
due was dried under high vacuum (0.05 mm) overnight. The 
hydroxyacid 36 (119 mg) was used directly in the next step. 
N-Cbz«THREONINEBISLACTONE 37 (SHE SCHEME 
7). 

Threoninehydroxycarboxylic acid 36 (119 mg, 0.324 
mmol) was dissolved in 1 mL benzene and Aldrithiol™-2 
was added (85 mg, 0.39 mmol) followed by triphenylphos- 
phine (0.39 mmole, 101 mg) and the reaction was stirred 
overnight. The crude thioester was diluted with 15 mL of 
CH 3 CN. A separate flask equipped with a reflux condenser 
was charged with 1.2 mL (1.16 mmol) of a 1.0 M AgCI0 4 
solution in toluene, followed by 32 mL of CH3CN. This 
solution was heated to a reflux rate of 5-10 drops per second 
(oil bath -160° C). The thioester solution was then added 
dropwise via an addition funnel at the top of the condenser 
over 2 nr. The mixture was refluxed an additional 30 min, 
cooled and concentrated. The residue was diluted with 10 
mL 0.5 M KCN and extracted with benzene (3x20 mL). The 
benzene layers were combined, washed with 20 mL water, 
dried over MgS0 4 , filtered and concentrated. The residue 
was then taken up in 10 mL 2:1 pentane/E^O and filtered. 
The solids were washed with 2:1 pentane/E^O and the 
combined organic solution was concentrated. Radial chro- 
matography (2:1 pentane/Et 2 0 as the eluent) provided 34 
mg of the bislactone 37, quite pure by TLC (Ry=0.22) and 
a H-NMR. 

3-AMINO-4,7,9-TRIMETHYLBISLACTONE 38 (SEE 
SCHEME 7). 

N-Cbz-Threoninebislactone 37 (34 mg, 0.097 mmol) was 
dissolved in 10 mL of methanol in a 500 mL Parr bottle and 
purged with nitrogen. To this solution was added 10 mg of 
Pd (black) and the mixture was shaken at 45 psi hydrogen 
pressure for 1 hr. The catalyst was filtered and the solvent 
was evaporated to give the free amine 38 (20 mg, 100%). 
This amine was pure enough ( 1 H-NMR), and was used as 
such without further purification. 
3-BENZYL-4-HYDROXY-5- 
METH YLBUTYROLACTON E 40 (SEE SCHEME 8). 

Pentanoic acid 39 (Shimano et al., Tetrahedron Lett. 1998, 
39, 4363) (1.8 g, 5.23 mmol) was dissolved in 30 mL of 
methanol in a 500 mL Parr bottle and purged with nitrogen. 
To this solution was added 150 mg of 10% Pd on carbon 
followed by 6 drops of cone. HC1. The mixture was shaken 
at 50 psi hydrogen pressure for 3 hr. The catalyst was filtered 
through diatomaceous earth and the solution concentrated. 
The residue was taken up in 30 mL CH 2 C1 2 and washed with 
water (1x10 mL)). The solution was dried over MgS0 4 , 
filtered, and concentrated. Crude 2 H-NMR and GC/MS 
revealed expected butyrolactone 40 and 4-methylanisole in 
a 4: 1 ratio (v/v). This material (60% purity by GC) was used 
directly in the next reaction. 

3-BENZYL-5-METHYLBUTENOLIDE 41 (SEE 
SCHEME 8). 

3-Benzyl-4-hydroxy-5-methylbutyrolactone 40, (60% 
purity, 1.7 g, 8.25 mmol), was dissolved in 25 mL CH 2 C1 2 
and cooled to 0° C. The solution was stirred while triethy- 
lamine (2.3 mL, 16.5 mmol), DMAP (500 mg, 4.13 mmol) 
and p-toluenesulfonyl chloride (9.0 mmol, 1.7 g) were added 
sequentially. The reaction was warmed to room temperature 
and stirred 30 hr. The reaction was diluted with 50 mL Et 2 0 
and washed with 5% NaHC0 3 (25 mL). The solution was 
dried over MgS0 4 , filtered and concentrated. The residue 



was purified via radial chromatography using 2:1 pentane/ 
EtjO as the eluent to yield 677 mg of the butenolide 41 
(>95% purity by GC and 1 H-NMR). 
cis-3-BENZYL-5-METHYLBUTYROLACTONE 42 (SEX 

5 SCHEME 8). 

3-Benzyl-5-methylbutenolide 41 (677 mg, 3.60 mmol) 
was dissolved in 30 mL of EtOAc in a 500 mL Parr bottle 
and purged with nitrogen. To this solution was added 300 mg 
of 10% Pd/C and the mixture was shaken at 45 psi hydrogen 
pressure overnight. The catalyst was filtered and the solvent 

to was evaporated. The residue was purified via radial chro- 
matography using 2:1 pentanc/EtjO as the eluent to give 484 
mg of a colorless oil (71% yield of material pure by 
*H-NMR in CDC1 3 and by GC). 
2-BENZYLPTNTYLDITH1ANE 43 (SZE SCHEME 8). 

35 cis-3-Benzyl-5-methylbutyrolactone 42 (550 mg, 2.89 
mmol) was dissolved in 15 mL of E^O and cooled to -78° 
C. Diisobutylalmuminum hydride (1.0 M in hexanes, 3.47 
mmol, 3.5 mL) was added dropwise and the solution was 
stirred at -78° C. for 2 hrs. Methanol (3.3 mL) was added 
over 15 min and the reaction was stirred at -78° C. for an 

20 additional 30 min. Sodium potassium tartrate (1.65 g in 5 
mL of water) was added and the reaction was allowed to 
warm to room temperature and stirred overnight. The layers 
were separated and the aqueous layer was extracted with 
Et^O (2x10 mL). The combined ethereal layers were washed 

25 with satd. NaHC0 3 and brine (1x10 mL). The solution was 
dried over MgS0 4 , filtered, and concentrated. The crude 
lactol (555 mg) was dissolved in 5 mLof CH 2 C1 2 and cooled 
to 0° C. 1,3-Propanedithiol (3.46 mmol, 0.35 mL) was added 
followed by 0.37 mL (2.89 mmol) of boron trifluoride 

30 etherate. The reaction was allowed to warm to room tem- 
perature and stirred overnight. Saturated NaHC0 3 was 
added (20 mL) and the mixture stirred 1 hr. The layers were 
separated and the aqueous layer extracted with CH 2 C1 2 
(2x10 mL). The combined organic layers were washed with 
brine (1x20 mL), dried over MgS0 4 , filtered, and concen- 
trated. The residue was purified via radial chromatography 
using 3:1 hexane/EtOAc as the eluent to give 560 mg of a 
yellow ofl (69% yield of material pure by ^-NMR and GC) 
identified as dithiane 43. 
SERINEDITHIANE 44 (SEE SCHEME 8). 

40 2-Benzylpentyldithiane 43 (560 mg, 1.99 mmol) was 
dissolved in 5 mL of DMF and cooled to 0° C. DMAP (0.29 
mmol, 36 mg) was added followed by EDCI, (0.57 g, 2.98 
mmol). N-t-BOC-0-benzyl-(L)-serine (760 mg, 2.58 mmol) 
was then added followed by warming to room temperature 

45 and stirring at room temperature overnight. The reaction was 
poured into a rapidly stirring mixture of 10 mL ice cold 0.5 
N HG and 20 mL 20% ether/hexanes and stirred 10 min. 
The layers were separated and the aqueous layer extracted 
with 20% ether/hexanes (1x10 mL). The combined organic 

50 layers were washed with 0.5 N HC1 (20 mL) and brine (2x20 
mL). The solution was dried over MgS0 4 , filtered, and 
concentrated. The resulting residue was kept under high 
vacuum (45° C. @ 0.1 torr) to constant weight to give 1.06 
g of a nearly colorless heavy oil identified as dithiane 44 
(TLC IL=0.3, 3:1 hexanes/EtOAc). 

55 N-t-BOC-O-BENZYLSERINECARBOXYLIC ACID 45 
(SEE SCHEME 8). 

Serinedithiane 44 (1.06 g, 1.90 mmol) was dissolved in 20 
mL of a 9:1 CH 3 CN/H 2 0 mixture at room temperature. 
[Bis(trifluoroacetoxy)iodo]benzene (1.2 g, 2.82 mmol) was 

60 added and the reaction stirred for 10 minutes. Saturated 
NaHC0 3 was added (40 mL) and the solution extracted with 
Et 2 0 (3x40 mL)). The ethereal layer was dried over MgS0 4 , 
filtered and concentrated. The aldehyde was sufficiently pure 
(TLC,GC/MS, J H-NMR) for use directly in the next reac- 

65 tion. The crude aldehyde was taken up in 30 mL (9.70 mmol) 
of Cr0 3 reagent (made from 1 g Cr0 3 , 30 mL of CH 3 C0 2 H 
and 1 mL pyridine) and stirred at room temperature over- 
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night. The solution was diluted with 60 mL cold water and 3- (4-TRIFLUOROMETHYLPHENOXY)ANILINE. 
extracted with Et 2 0 (3x60 mL). The organic layer was 
washed with 2x60 mL brine, dried over MgS0 4 , filtered and 
concentrated. The residue was taken up in 100 mL 2:1 
heptane/EtOAc and evaporated. The residue was purified via 5 
radial chromatography using 1.5:1 heptane/EtOAc contain- 
ing 2% CH 3 C0 2 H as the eluent. The carboxylic acid (536 
mg) looked quite pure by TLC and 1 H-NMR with two 3-hydroxyaniline (6.55 g) and 

t-BOC rotamers evident in,CDCl 3 but not in acetone-d J°J 0 £ZXon*c (9.85 g) in DMSO (50 mU was 

N-t-BOC-SERINEBISLACTONE 47 (SEE SCHEME 8). 10 added in one potassium tert-butoxide (7.86 g^The 

N-t-BOC-O-Benzylserinecarboxylic acid 45 (536 mg, resulting dark solution was heated for 4 hours at 95* C, 
1.11 mmol) was dissolved in 15 mL of EtOAc in a 500 mL cooled to room temperature 
Parr bottle'and purged with nitrogen. To this solution was ^ 

added 390 mg of 101 Pd/C and the mixture was shaken at 50 ^^J^^^^d (Mg S0 4 ) and the solvent 
psi hydrogen pressure for 17 far. The catalyst was filtered ofl . Tins oil was distilled to give 

through diatomaceous earth and the solvent was evaporated colorless oil (8.7 g), b.p. 110-112° C. at 

to give the hydroxyacid 46 (440 mg). The crude hydroxyacid }Jl 5 

46 was dissolved in 23 mL benzene and triphenylphosphine ^ f 4-TRIFLU OROMETH YLPHEN YLTHIO) ANILINE. 
(0 34 g, 1.28 mmol) was added at room temperature. Duso- v 

propylazodicarboxylate (DIAD, 0.25 mL, 1.28 mmol) was 20 

added dropwise and the reaction was stirred at room tern- // ^ / \ 

perature overnight. The solution was concentrated and the h 2 n — f ) s <\ ij c 

resulting residue was applied to a small (4 in) gravity \=J \ — 9 

column and eluted with 2: 1 hexanes/EtO Ac. The eluent from 

the silica gel column was further purified by radial chroma- 25 ^*^aa» <q as a\ 

toaranhv usine 21 pentane/ether as the eluent. Product To a stirred solution of 4-fluorobenzotrifluonde (9.85 g) 
SS 7ev£oK Tto give 132 mg of a yellow oil and 4-aminothiophenol (7.51 g) in DMSO (60 mL) cooled 

S U n"o5-b H en Z vL,met„vlb,slactonb « , Z*J^£SZ?JS?»1S2i 

(SEE SCHEME 8). resultin mixture £ xtracted ^ et her (2x200 mL). The 

N-t-BOC-Serinebislactone 47 (132 mg, 0.35 mmole) was organic phase was washed with 2N sodium hydroxide (50 

stirred in 3 mL of trifluoroacetic acid for 30 minutes and the then witfa wgter ( 5fJ mL ) Aft^ drying (MgS0 4 ), the 

reaction was concentrated on a rotary evaporator. The resi- g^^nt was evaporated to give a brown solid. Recrystalli- 
due was dried under high vacuum (0.05 mm) overnight. The 35 zat . Qn from hexane gave tne title aniline as a yellow solid, 

trifluoroacetic acid salt of amine 48 (0.35 mmol) was quite m 97.990 c 

pure by >H-NMR, and was used as such without further 4.(3_xriflUOROMETHYLBENZYL)ANILINE. 
purification. 

3-(3-CHLOROPIIENOXY)ANILINE. ^^^^^^ 



-CF 3 





45 A Grignard reagent was prepared by adding a solution of 
4-bromo-N,N-bis^trimethylsilyl)aniline (9.48 g) in dry THF 

To a stirred solution of potassium t-butoxide (12.3 g) in (75 mL ) to a stirred mixture of magnesium turnings (1.09 g) 

DMSO (100 mL) was added at once 3-chlorophenol (12.86 ^ dry THF (10 mL). A second solution of the catalyst 

z) The resulting solution was stirred for 5 minutes at room Li 2 CuCl 4 (0.33 g), was prepared by adding CuU 2 (U.zu g) 

temperature, then 3-fluoronitrobenzene (12.70 g) was added 50 and LiC l (0.13 g) to dry THF (25 mL) and stirring until a 

all at once The resulting dark mixture was heated at 120° C. homogeneous solution resulted. This catalyst solution was 

for 12 hours cooled to room temperature then poured into men a dded to a solution of 3-trifluormethylbenzyl bromide 

water (700 mL). The resulting mixture was extracted with (7.17 g ) m dry THF (75 mL). The orange-red solution was 

ether (2x200 mL). The organic fraction was washed with 2N coo l e d in an ice bath (N 2 atmosphere) and the above 

NaOH (100 mL), then with water (100 mL). After drying Grignard solution (previously cooled in an ice bath) was 

(MaSOa) the solvent was evaporated and the resulting dark rapidly transferred via cannula into it. After stirring tor 15 

oil was distilled to give 3<3-chlorophenoxy)nitrobenzene as minutes at 0° C, the mixture was stirred overnight at room 

a vellow oil, b.p. 135-140° C. at 0.05 mm temperature. The reaction mixture was quenched by the 

A mixture of 3-(3-chlorophenoxy)nitrobenzene (14 g), addition of saturated NH 4 C1 solution (25 mL). The organic 

^sK^i^tlffil^ in EtOAc(lk) ml) ^ phase was separated, ^^^^^^§5 

was subiected to a hydrogen atmosphere (initial pressure«50 60 rated to give a dark oil (11 g). To this oil was ^4WHU 

nsO ^ a Parr shaker. After 4 hours the mixture was (50 mL), and the resulting mixture stirred at room ^tempera- 

fhomuohlv deeaSed (hydrogen replaced with nitrogen), ture for 3 hours. Hie mixture was made basic by me careful 

SriTSSsG TZd filtered (#50 Whatman paper) The addition of solid sodium carbonate, then extracted with ether 

^™ SSKSe by GC. %NMR (CDC1 3 ) and 65 solvent evaporated. EtOAc (100 mL) was added and he 
gSs (Ve.219! 221) were consistent with 3-(3- solution decanted from some insoluble material Aga n the 
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(silica gel, 3:1 hexane/EtOAc). The second eluate was 
collected to give an orange oil, which darkened rapidly. The 
NMR (CDC1 3 ) and GC/MS (m/e=251) were coasistent with 
the title compound. This material was converted to the HC1 
salt to give a brown solid. 

4-(3-TRlFLUOROMETHYLBENZOYL)ANILINE. 





20 



H 2 N" 



A stirred solution of 4-bromo-N,N-bis-(trimethylsilyl) 
aniline (9.24 g) in dry THF (100 mL) was cooled to -78° C. 
under an argon atmosphere. To this was slowly added a 2.5 
M solution of n-butylhthium in hexane (12 mL). After the 
addition was complete, the reaction mixture was stirred at 
-78° C. for 10 minutes, then a solution of N-methyl-N- 
methoxy-3-trifluoromethylbenzamide (6.8 g) in dry THF (25 
mL) was added dropwise. After the addition was complete, 
the mixture was stirred at -78° C. for 1 hour, then the 
cooling bath removed and the reaction temperature allowed 
to warm to 10° C The reaction was quenched by the addition 
of saturated NH 4 C1 solution (50 mL), then water (10 mL). 25 
The organic phase was separated, dried (MgS0 4 ) and the 
solvent evaporated to give a yellow liquid (12 g). This was 
taken up in ether (100 mL), and 4N HC1 (100 mL) added. 
The resulting mixture was stirred for 30 minutes at room 
temperature, during which time a solid separated. This solid 
was filtered, washed with several portions of ether, men 
carefully added to a stirred, saturated NaHC0 3 solution (100 
mL). The resulting mixture was extracted with ether (2x100 
mL), the organic phase dried (MgS0 4 ), and the solvent 
evaporated to give a yellow-white solid (5.7 g). Recrystal- 
lization from methanol/water gave a white solid, m.p. 35 
130-131° C. Spectral data were consistent with the title 
compound. 

ETHYL 2-AMINO-5- 
(4-TRIFLUOROMETHYLPHENOXY) BENZOATE. 

40 
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5 -hydroxy anthranilic acid (10.2 g). The mixture was stirred 
at room temperature under an argon atmosphere for 10 
minutes, then 4-fluorobenzotrifluoride (11.16 g) was added, 
and the resulting mixture stirred and heated at 75-80° C. 
overnight. After cooling, the mixture was poured into water 
(600 mL) and the pH adjusted to approximately 2.5. The 
resulting solid was filtered, washed with several portions of 
water, then recrystallized from methanol/water (charcoal) to 
give a tan solid (13.5 g), m.p. 165-167° C. This solid was 
taken up in anhydrous ethanol (250 mL) and cone, sulfuric 
acid (15 mL) was carefully added. The resulting mixture was 
heated at reflux for 24 hours, then most of the ethanol 
evaporated. The residue was carefully added to ice water 
(600 mL), the resulting mixture made basic by the slow 
addition of 50% NaOH solution, and then extracted with 
ether (2x150 mL). The organic phase was washed with water 
(100 mL) then saturated NaCl solution (50 mL). After drying 
(MgS0 4 ), the solvent was evaporated to give a yellow oil of 
about 98% GC purity. GC/MS indicated a parent of ion 
m/e=325, consistent with the title compound. 

2-AMINOBENZONORBORNANE. 



30 



To a mechanically stirred solution of potassium t-butoxide 
(15.71 g) in DMSO (75 mL) was added in one portion 



To a stirred solution of benzonorbornene (2.84 g) in dry 
THF (8 mL) cooled to 0° C. under an argon atmosphere was 
added rapidly a 1M solution of borane in THF (6.7 mL). The 
solution was stirred for 10 minutes at 0° C. then at room 
temperature for 90 minutes. The reaction mixture was again 
cooled to 0° C. and hydroxylamine-O-sulfonic acid (1.58 g) 
was added in one portion. The ice bath was removed and the 
reaction mixture was stirred at room temperature for 2 hours. 
IN HC1(25 mL) and ether (20 mL) were added and stirring 
continued for 10 minutes. The phases were separated and the 
organic phase discarded. The aqueous phase was made basic 
by the careful addition of 50% NaOH solution, then 
extracted with ether (3x30 mL). The organic phase was dried 
(MgS0 4 ) and the solvent evaporated to give a yellow liquid 
(1.35 g) which was 98% pure as judged from GC. The NMR 
(CDCI3) and GC/MS (m/e=159) were consistent with the 
title compound. 



Scheme 9 
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PREPARATION OF MIXTURE OF 
(3-TRIFLUOROMETHYLBENZYLOXYMETHYL) 
NORBONYLAMINES 53. 

Preparation of this mixture is depicted in Scheme 9. Thus, 
a mixture of exo- and endo-norbornenecarboxylic acids 49 
(-1:4 ratio) (7.0 g), 2-iodopropane (12.8 g) and potassium 
carbonate (10.4 g) in DMSO (40 mL) was stirred and heated 
at 55° C. overnight. After cooling the mixture was diluted 
with water (125 mL), then extracted with pentane. The 
organic phase was dried (MgS0, 4 ) and the solvent evapo- 
rated to give a colorless oil (8.2 g). This oil was added to a 
solution of sodium 2-propoxide (3.6 g) in 2-propanol (100 
mL) and the resulting mixture heated at reflux for 16 hours. 
Removal of the 2-propanol, dilution with water (200 mL), 
and pentane extraction gave the norbornene isopropyl ester 
50 as a 52:48 exo to endo mixture. This was separated into 
pure isomers via chromatography (silica gel, 95:5 hexane/ 
EtOAc). The exo isomer of 50 (4.0 g) was dissolved in ether 
(50 mL), cooled to 0° C. and a 1M solution of lithium 
aluminum hydride in ether (14 mL) was slowly added. After 
the addition was complete, the mixture was heated at reflux 
for 1 hour. After cooling, the reaction was quenched by the 
sequential addition of water (0.53 mL), 15% NaOH solution 
(0.53 mL), then water (1.59 mL). The resulting mixture was 
dried (MgS0 4 ), filtered, and the solvent evaporated to give 
the exo-alcohol 51 (2.7 g) as a colorless liquid. The GC/MS 
(m/e=124) was consistent with the assigned structure. 

To a stirred mixture of potassium hydride (1.0 g) in dry 
THF (25 mL) was carefully added a solution of 51 (2.7 g) 
in THF (10 mL). After the addition was complete, the 
mixture was stirred at room temperature for 30 minutes, then 
3-trifluoromethylbenzylbromide (5.98 g) was added all at 
once (exothermic reaction). The reaction was heated at 
reflux for 2 hours, cooled, then poured into water (150 mL). 
Ether extraction (2x75 mL), drying (MgS0 4 ) and solvent 
evaporation gave a yellow oil, which was purified via 
chromatography (silica gel, 97:3 hexane/acetone) to give 
pure 52 as a colorless oil (5.2 g). NMR (CDC1 3 ) and GC/MS 
(m/e=282) were consistent with the structure of 52. 

Conversion of 52 to the diastereomeric mixture of amines 
53 was accomplished via the borane/hydroxylamine-O- 
sulfonic acid procedure described earlier (20% yield). 
3-(3-PYRIDYL)-l-PROPANAMINE. 



NH 2 



This amine was obtained by initially converting 3-(3- 50 
pyridyl)-l-propanol to the corresponding chloride following 
the procedure of B. Jursic et ah, Synthesis, 1988, (11), 868, 
then transforming this chloride to the amine via the proce- 
dure of D. J. Dumas et al., J. Org. Chem., 1988, 53, 4650. 
3-[[5- (TRIFLUOROMETHYL)-2-PYRIDYL]-OXY]-l- 55 
PROPANAMINE. 



15 
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(0.76 mL, 10 mmol) in anhydrous THF (15 mL) and 1M 
potassium tert-butoxide in THF (10 mL, 10 mmol). The 
yellow solution was allowed to stir and slowly warm to room 
temperature overnight. The reaction mixture was poured 
into water (75 mL) and extracted with ether (2x50 mL). The 
organic phase was washed with brine (50 mL), dried 
(Na 2 S0 4 ), filtered and evaporated under vacuum to a yellow 
liquid, which was nearly pure by NMR and MS, and was 
used as such without further purification, 
(+)-TRANS -l-HYDROXY-2-AMINOCY CLO PENTANE 
HYDROBROMIDE. 



(+)-trans-l-Benzyloxy-2-aminocyclopentane hydrobro- 
mide (8.2 g, 42.8 mmol) was treated with 40% HBr (60 mL). 
After stirring for 3 days, the solution was concentrated in 
vacuo to provide 7.09 g (91%) of the hydrobromide salt as 
an orange solid which was pure by ^-NMR (DMS0-d 6 ). 
23-DIHYDRO-2,2-DlMETHYL-lH-INDEN-l-AMlNE. 




This amine was prepared according to the procedure of 
world patent WO 9927783. 



Scheme 10 






2-Fluoro-5-trifluoromethylpyridine (1.831 g, 11 mmol) 
was dissolved in anhydrous THF (15 mL) with stirring under 
nitrogen and cooled to 0° C. in an ice bath. To this was added 
dropwise over 30 minutes a solution of 3-amino-l-propanol 



10-AMINO-ENDO-2,5-METHANOBICYCLO [4.4.0] 
DEC-3-ENE (56). 

This compound was prepared as shown in Scheme 10. 
Thus, aluminum chloride (700 mg, 5.2 mmol) was added to 
a solution of 2-cy clone xen-1 -one (2.0 g, 20.8 mmol) in 
60 toluene (200 mL). After 40 min, freshly distilled cyclopen- 
tadiene (13.7 g, 208 mmol) was added and heated to 100° C. 
for 2 hours. After cooling, the mixture was diluted with Et 2 0 
(300 mL) and washed with satd. NaHC0 3 (2x150 mL) and 
brine (100 mL). The combined organic layers were dried 
65 (MgS0 4 ), filtered and concentrated. The residue was puri- 
fied via flash chromatography using 50:1 hexanes:Et 2 0 as 
the eluent, to provide the endo (1.74 g) and exo (943 mg) 
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isomers of 2,5-methanobicyclo[4.4.0]dec-3-en- 10-one (54), 
which were pure by 'H-NMR and GC/MS. 

Sodium acetate (1.79 g, 21.8 mmol) was added portion- 
wise to a solution of endo-2,5-methanobicyclo[4.4.1]dec-3- 
en-10-one (54) (1.61 g, 9.9 mmol) and hydroxylamine 5 
hydrochloride (758 mg, 10.9 mmol) in methanol (33 mL), 
and stirred overnight at room temperature. The reaction was 
quenched with H 2 0 and extracted with ether (2x50 mL). 
The combined organic layers were dried (MgS0 4 ), filtered 
and concentrated to provide endo-2,5-methanobicyclo 
[4.4.0]dec-3-en-10-one oxime (55) as a pasty residue, pure 
by 1 H-NMR and GC/MS. 

endo-2,5-Metbanobicyclo[4.4.1]dec-3-en-10-one oxime 
(55) (500 mg, 2.79 mmol) was dissolved in EtOAc (25 mL) 
and 10% Pd/C (50 mg) was added. After 3 hours under H 2 
(40 psi), the suspension was filtered through Celite® and 15 
concentrated. The resulting residue was dissolved in EtOH 
(25 mL) and charged with Raney®-Ni (1.0 g). The suspen- 
sion was saturated with NH3 and pressurized with H 2 (45 
psi). After 6 hours the suspension was filtered through 
Celite®, diluted with EtOAc (100 mL), and washed with 20 
satd. NaHC0 3 (100 mL The combined organic layers were 
dried over MgS0 4 , filtered and concentrated. a H-NMR and 
GC/MS revealed the title amine 56 as a 2:1 mixture of 
diastereomers (418 mg). 
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10-AMINO-4-(4-METHYLPENT-3'-ENYL)-BICYCLO 
[4.4.0]DEC-3-ENE (59). 

Preparation of this compound was accomplished as shown 55 
in Scheme 11. Thus, aluminum chloride (700 mg, 5.2 mmol) 
was added to a solution of 2-cyclohexen-l-one (2,0 g, 20.8 
mmol) in toluene (100 mL). After 40 min, myrcene (17 g, 
125 mmol) was added and heated to 100° C. for 2 hours. 
After cooling, the mixture was diluted with Et 2 0 (300 mL) 60 
and washed with satd. NaHC0 3 (2x150 mL) and brine (100 
mL). The combined organic layers were dried over MgS0 4 , 
filtered and concentrated. The residue was purified via flash 
chromatography using 50:1 hexanes:Et 2 0 as the eluent to 
provide 4-(4 , -methylpent-3'-enyl)-bicyclo[4.4.0]dec-3-en- 65 
10-one (57) (2.55 g), which was pure by 1 H-NMR and 
GC/MS. 




Sodium acetate (1.73 g, 21 mmol) was added portionwise 
to a solution of 4-(4'-methylpent-3'-enyl)-bicyclo[4.4.0]dec- 
3-en-10-one (57) (2.23 g, 9.6 mmol) and hydroxylamine 
hydrochloride (733 mg, 10.5 mmol) in methanol (32 mL), 
and stirred overnight at room temperature. The reaction was 
quenched with H 2 0 and extracted with ether (2x50 mL). 
The combined organic layers were dried over MgS0 4 , 
filtered and concentrated. This gave 4-(4'-methylpent- 
3'-enyl)-bicyclo[4.4.0]dec-3-en- 10-one oxime (58) as a 
pasty residue, pure by 1 H-NMR and GC/MS. 

4-(4 , -Methylpent-3'-enyl)-bicyclo[4.4.0]dec-3-en- 10-one 
oxime (600 mg, 2.42 mmol) was dissolved in EtOH (25 mL) 
and charged with Raney®-Ni (1.0 g). The suspension was 
saturated with NH 3 and pressurized with H 2 (45 psi). After 
6 hours, the suspension was filtered through Celite®, diluted 
with EtOAc (100 mL), and washed with satd. NaHC0 3 (100 
mL). The combined organic layers were dried over MgS0 4 , 
filtered and concentrated. *H-NMR and GC/MS were 
indicative of the pure title amine (550 mg). 

Scheme 12 




2-AMINO-7-FURYL-3-METHYL-4-CHROMANONE 
HYDROCHLORIDE (63). 

This amine hydrochloride salt was prepared as shown in 
Scheme 12. Thus, 7-trifluoromethanesulfonate-3-methyl-4- 
chromanone (3.0 g, 9.7 mmol) (prepared according to the 
procedure of K. Koch, and M. S. Biggers, J. Org. Chem. 
1994, 59, 1216) was added to a solution of 
2-(tributylstannyl)furan (3.79 g, 10.6 mmol), Pd(PPh 3 ) 4 
(223 mg, 0.19 mmol), LiCl (1.23 g, 29.0 mmol), and two 
crystals of 2,6-di-t-butyl-4-methylphenol in 1 ,4-dioxane (50 
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mL), and heated to reflux for 12 hours. After cooling, the 
mixture was quenched with satd. NH4C1 (40 mL) and 
extracted with Et^O (2x50 mL). The combined organic 
layers were dried over MgS0 4 , filtered and concentrated. 
The residue was purified via flash chromatography using 
20:1 hexanes:EtOAc as the eluent to provide 7-furyl-3- 
methyl-4-chromanone (60)(1.78 g) as a yellow solid, m.p. 
94-95° C. 

Sodium acetate (395 mg, 4.82 mmol) was added portion- 
wise to a solution of 7-furyl-3-methyl-4-chroraanone (60) 
(500 mg, 2.19 mmol) and hydro xylamine hydrochloride 
(167 mg, 2.41 mmol) in methanol (5 mL), and stirred 
overnight at room temperature. The reaction was quenched 
with H 2 0 and extracted with ether (2x25 mL). The com- 
bined organic layers were dried over MgS0 4 , filtered and 
concentrated to give 7-furyl-3-methyl-4-chromanone oxime 
(61) as a white solid, m.p. 175-177° C. 

Toluenesulfonyl chloride (397 mg, 2.08 mmol) was added 
to a 0° C. solution of 7-furyl-3-methyl-4-chromanone oxime 
(61) (461 mg, 1.89 mmol) and pyridine (0.5 mL) in CH 2 C1 2 
(10 mL). After 6 hours, the mixture was diluted with CH 2 C1 2 
(30 mL) and washed with 5% HC1 (20 mL). The organic 
layer was dried over MgS0 4 , filtered and concentrated. The 
residue was purified via flash chromatography using 5:1 
hexanes:EtOAc as the eluent, to provide 7-furyl-3-methyl- 
4-chromanone 0-(toIuenesulfonyl)-oxime (62) (429 mg) as 
a pink solid, m.p. 163-164° C. (dec). 

An ethanolic solution of sodium ethoxide (0.35 mL, 2.87 
M, 1.0 mmol) was added to a stirred solution of 7-furyl-3- 
methyl-4-chromanone-0-(toluenesulfonyl)-oxime (62) (410 
mg, 1.0 mmol) in benzene (4 mL). After 18 hours, 3N HC1 
(6 mL) was added and the layers were separated. The 
organic phase was further extracted with 3N HQ (2x10 
mL), and the combined aqueous extracts were concentrated 
to provide the crude title compound 63 as an orange solid 
(388 mg), which was used as is without further purification. 

Scheme 13 
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2-AMINO-7<3'-METOOXWROPY>m,)-3-METHYL-4- 
CHROMANONE HYDROCHLORIDE (65). 

This amine hydrochloride was prepared as shown in 
Scheme 13. Thus, 7-trifluoromethanesulfonate-3-methyl-4- 
chromanone (3.10 g, 10 mmol) (prepared according to the 
procedure of K. Koch and M S. Biggers, Org. Chem. 
1994, 59, 1216) was added to a solution of methyl propargyl 
ether (1.05 g, 15 mmol), (Ph 3 P) 4 Pd (210 mg, 0.30 mmol), 
and Et 3 N (6 mL) in DMF (30 mL) and heated at 70° C. for 
1 hour. After cooling, the mixture was quenched with satd. 
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NH 4 C1 (40 mL) and extracted with EuO (2x50 mL). The 
combined organic layers were dried over MgS0 4 , filtered 
and concentrated. The residue was purified via flash chro- 
matography using 9:1 hexanes-EtOAc as the eluent to 
provide 7-(3'-methoxypropynyl)-3-methyl-4-chromanone 
(64) (1.40 g) as a white solid, m.p. 60-63° C. 

Conversion of 64 to the title compound 65 was accom- 
plished in the same manner as described above for 2-amino- 
7-furyl-3-methyl-4-chromanone hydrochloride. 

Scheme 14 
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2-AMINO-a-TETRALONE HYDROCHLORIDE (66). 

This compound was obtained from a-tetralone as shown 
in Scheme 14, by the same procedure described above for 
2-amino-7-furyl-3-methyl-4-chromanone hydrochloride. 
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45 2-AMINO-ENDO-6,9-ETHANOBICYCLO[4.4.0]DEC-7- 
ENONE HYDROCHLORIDE (70). 

This amine hydrochloride was prepared as shown in 
Scheme 15. Thus, aluminum chloride (700 mg, 5.2 mmol) 
was added to a solution of 2-cyclohexen-l-one (2.0 g, 20.8 

50 mmol) in toluene (100 mL). After 40 min, cyclohexadiene 
(8.3 g, 104 mmol) was added and heated to 100° C. for 2 
hours. Upon cooling, the mixture was diluted with Et 2 0 
(300 mL) and washed with satd. NaHC0 3 (2x150 mL) and 
brine (100 mL). The combined organic layers were dried 

55 over MgS0 4 , filtered and concentrated. The residue was 
purified via flash chromatography using 50:1 hexanes-Et 2 0 
as the eluent to provide endo-2,5-ethanobicyclo[4.4,0]dec- 
7-en-10-one (67)(2.77 g), which was pure by J H-NMR and 
GC/MS. 

A solution of endo-2,5-ethanobicyclo[4.4.0]dec-7-en-10- 
one (67) (2.17 g, 12.3 mmol) in THF (20 mL) was added to 
a -78° C. solution of LDA (6.7 mL, 2.0M in THF, 13.5 
mmol) in THF (30 mL). After 45 min, trimethylsilyl chloride 
(2.0 g, 18.5 mmol) was added, and the mixture was slowly 
warmed to 0° C. The mixture was diluted with satd. 
NaHC0 3 solution (30 mL), extracted with Et 2 0 (2x30 mL), 
dried (MgS0 4 ) and concentrated. The residue was dissolved 
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in THF (60 mL), and N-bromosuccinimide (2.6 g, 14.7 
mmol) was added portionwise. After 30 min, the mixture 
was diluted with saturated NH 4 C1 solution (30 mL) and 
extracted with EuO (2x40 mL). The combined organic 
layers were dried (MgS0 4 ) and concentrated. The residue 
was purified via flash chromatography using 33:1 hexanes- 
Et 2 0 as the eluent to provide 2-bromo-endo-6,9- 
ethanobicyclo[4.4.0]dec-7-enone (68) (1.44 g) as a light 
yellow oil, which was pure by 1 H-NMR and GC/MS. 



the disappearance of starting ketone as indicated by TLC 
analysis. Methanol was stripped off from the reaction mix- 
ture under vacuum, and the residue dissolved in 6N HC1. 
After stirring for 15 min, the non-basic materials were 
removed by extraction with diethyl ether. The pH of the 
aqueous phase was carefully raised to ~8 using 50% aqueous 
NaOH, and the amine was extracted with EtOAc (3 times). 
The EtOAc extracts were combined, washed with brine, 
dried (Na 2 S0 4 ), filtered and concentrated to afford the 



Sodium azide (280 mg, 4.3 mmol) was added to a solution 10 corresponding amine. The crude amine was generally pure 



of 2-bromo-endo-6,9-ethanobicyclo[4.4.0]dec-7-enone (68) 
(850 mg, 3.9 mmol) in DMF (20 mL). After 2 hours, the 
mixture was diluted with water (30 mL) and extracted with 
Etfi (2x40 mL). The combined organic layers were dried 
(MgS0 4 ) and concentrated. The residue was purified via is 
flash chromatography using 20:1 hexanes^t^O as the eluent 
to provide 2-azido-endo-6,9-ethanobicyclo[4.4.0]dec-7- 
enone (69) (469 mg) as an oil, which was pure by 1 H-NMR. 

Triphenylphosphine (486 mg, 1.85 mmol) was added to a 
solution of 2-azido-endo-6,9-ethanobicyclo[4.4.0]dec-7- 20 
enone (69) (310 mg, 1.42 mmol) in THF (10 mL) and water 
(1 mL). After stirring for 12 hours, the mixture was diluted 
with 6N HC1 (10 mL) and the layers separated. The organic 
phase was extracted with 6N HQ (2x5 mL), and the 
combined aqueous layers were concentrated to dryness to 25 
give the desired title compound 70 as a thick orange oil (500 
mg), whose 1 H-NMR (DMSO-d 6 ) was consistent with the 
assigned structure. 

ISOPROPYL ENDO-2-AMINONORBORNANE-5- 
C ARB OXYLATE (71) AND ISOPROPYL ENDO-2- 30 
AMINONORBORNANS-6-CARBOXYLATE (72). 



and used without further purification. 
GENERAL PROCEDURE FOR BOC-DEPROTECTION 
OF AMINES. 

To an ice-cold solution of BOC-protected amine (1 mmol) 
in dry CH 2 C1 2 (1 mL) were added triethylsilane (0.5 mL) 
and trifluoroacetic acid (1 mL). Progress of the reaction was 
monitored by disappearance of the starting material (5 
minutes to 1.5 hours). The reaction mixture was diluted with 
toluene and concentrated. The residue was dissolved in 
water (10 mL) and EtOAc (20 mL), the pH was adjusted to 
~8 (aqueous NaHC0 3 ), and the organic phase separated. The 
aqueous phase was extracted with EtOAc (2x15 mL). The 
organic phases were combined, washed with brine, dried 
(Na 2 S0 4 ), filtered and concentrated to give the amine. 
PREPARATION OF AMINES 73 AND 74. 
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72 



These amines were prepared from isopropyl norborn-2- 
ene-5-carboxylate in the same manner as described earlier 
(see Scheme 9). 

GENERAL PROCEDURE FOR REDUCTIVE AMINA- 
TION OF KETONES TO AMINES. 

Ketone (1 mmol), ammonium acetate (20 mmol) and 3A 
molecular sieves (2.8 equivalents by weight) were mixed in 
anhydrous methanol in a dry flask under nitrogen atmo- 




74 



These amines were prepared from the corresponding 
known ketodilactones (J. Org. Chem. 1998, 63, 9889-94) 
via the standard reductive amination conditions described 



sphere. Sodium cyanoborohydride (4 mmol) was added and 50 above. *H, 13 C NMR and IR spectra were consistent with the 
the resulting mixture was stirred at room temperature until assigned structures. 



Scheme 16 





PREPARATION OF THE AMINEB 77 AND 78. 25 

Preparation of these amines is shown in Scheme 16. The 
macrodilactone 75 was prepared according to the procedure 
of J. Org. Chem. 1998, 63, 9889-94. Thus, N-t-BOC- 
aspartic acid (2.33 g) was reacted with 2-chloromethyl-3- 
chloropropene (1.25 9) and Cs 2 C0 3 (7.0 g) in DMF (1000 
mL) under the standard macrolactonization conditions 30 
reported in the above reference to give 1.12 g (40% yield) 
of 75 as a glassy solid. Mass spectrum (EI-) indicated 
[M-l]+at (m/e) 284, while the 1 H, l3 C NMR and 1R spectra 
were consistent with the structure of 75. 

To a solution of the alkene 75 (288 mg, 1.01 mmol) in dry 35 
EtOAc (6 mL) was added 10% Pd/carbon (60 mg). The 
resulting mixture was purged with nitrogen and stirred under 



45 psi hydrogen pressure in a Parr hydrogenator for 2.5 h. 
The reaction mixture was purged with nitrogen, filtered and 
concentrated. The residue, upon purification by flash column 
chromatography (silica gel, 7:3 mixture of hexane-EtOAc), 
afforded 91 mg (32% yield) of the reduced product 76. 2 H, 
13 C-NMR and IR spectra were consistent with the structure 
76. 

Removal of the BOC protecting group from 75 and 76, 
following the general BOC-deprotection procedure 
described earlier, gave the corresponding amines 77 and 78 
respectively. 1 H, 13 C-NMR and IR spectra were consistent 
with the assigned structures. 



Scheme 17 
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SYNTHESIS OF THE PHENYL D1LACTONE 81. 

Preparation of this compound is shown in Scheme 17. To 
an ice-cold (0° C), well-stirred solution of phenylsuccinic 
acid (0.923 g, 5.2 mmol) and DMAP (0.064 g, 0.52 mmol) 
in dry CH 2 C1 2 (55 mL) was added dropwise under nitrogen 
a solution of BOC-serinol (Synthesis 1998, 1113-1118) (1.0 



tography (silica gel, hexanes) afforded 228 mg (22% yield) 
of a 1:1 mixture of dilactones 80, m.p.=161-162° C. Mass 
spectrum (EI) indicated M+at m/e 349. 

Removal of the BOC protecting group under the standard 
BOC deprotection conditions described earlier gave the 
amine 81. 



CBzNH 
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g, 5.2 mmol) over 30 minutes. The resulting mixture was ^ 
slowly warmed to room temperature, stirred for an addi- 
tional 12 hours, diluted with CH 2 C1 2 (40 mL), and extracted 
with saturated aqueous sodium bicarbonate (3x10 mL). The 
basic extracts were combined, carefully acidified with 2N 
HC1, and extracted with EtOAc (3x20 mL). The combined 50 
EtOAc extract was washed with brine, dried (Na 2 S0 4 ), 
filtered and concentrated to give a white foam (1.7 g). 
^H-NMR indicated a 1:1 diastereomeric mixture of the acids 
79. 

55 

To a well-stirred ice-cold suspension of acids 79 (1.00 g, 
2.72 mmol) and triphenylphosphine (786 mg, 3.0 mmol) in 
dry THF (122 mL) was added a solution of diethyl azodi- 
carboxylate (0.52 g, 3.0 mmol) in THF (55 mL) drop-wise 6Q 
over 3 hours. The resulting mixture was slowly warmed to 
room temperature, stirred for an additional 5 hours, and 
concentrated to about 5 mL. The residual mixture was 
diluted with EtOAc (50 mL) and water (20 mL). The organic 
phase was separated, washed with aqueous NaHC0 3 (10 65 
mL), brine (10 mL), dried (Na^SO^, filtered and concen- 
trated to give an oily residue. Purification by flash chroma- 



SYNTHESIS OF THE D1LACTONE AMINES 84 AND 85. 

Preparation of these compounds is shown in Scheme 18. 
To a stirred solution of serinol (3.0 g, 15.7 mmol), pyridine 
(1.24 g, 0.98 mol) and DMAP (0.19 g, 1.57 mmol) in dry 
CH 2 C1 2 (140 mL) was added dropwise a solution of N-CBz 
aspartic anhydride (3.52 g, 14.13 mmol) in dry THF (20 
mL). After stirring for 2 h at room temperature, the reaction 
mixture was concentrated to a volume of about 10 mL and 
diluted with EtOAc (100 mL) and water (30 mL). The pH 
was adjusted to 8.5 (aqueous NaHC0 3 ), and the aqueous 
phase was separated, acidified with 2N HC1 to pH 3, and 
extracted with EtOAc (3x20 mL). The combined organic 
extract was washed with brine, dried (Na 2 S0 4 ), filtered and 
concentrated to give 5.8 g of 82 as a foamy white material. 
A H-NMR spectra indicated that it was quite pure and con- 
tained a mixture of diastereomers. 

To a solution of triphenylphosphine (3.60 g, 13.75 mmol) 
and 13-diisopropylcarbodiimide (2.80 g, 13.75 mmol) in 
dry THF (1.15 L) was added dropwise over 3 hours a 
solution of the acid 82 (5.5 g, 12.5 mmol) in dry THF (100 
mL). The resulting mixture was stirred for an additional 6 
hours, concentrated in vacuum to a volume of about 20 mL, 
and diluted with ether (200 mL) and water (100 mL). The 
organic phase was separated and washed with 5% aqueous 
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NaHC0 3 and brine, dried (Nau^SO^, filtered and concen- 
trated in vacuum. The oily residue was purified by flash 
column chromatography to afford 1,3 g (23% yield) of the 
desired dilactones 83. Mass spectrum (ES-) indicated an m/e 
of 421 (M-l)+. 1 H, 13 C-NMR and IR spectra were consistent 
with the structure 83. 

Dilactone 83 was deprotected under standard BOC depro- 
tection conditions to give the amine 84. 

To a solution of the N-CBz-protected dilactone 83 (200 
mg, 0.47 mmol) in EtOAc (10 mL) was added 10% Pd/C (40 
mg), and the resulting mixture was stirred under a balloon 
pressure of hydrogen gas for 12 hours. The reaction mixture 
was purged with N 2 , filtered through a sintered glass funnel, 
and concentrated to give the amine 85 (126 mg). This crude 
amine was used without further purification. 

Scheme 19 
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87 88 
Key: i. NHtCU EtjN, Ti(0-i-Pr) 4 . Hh then NaBH* ii. MejAl, cat. CuBr, THF 



PREPARATION OF THE AMINES 86 AND 88. 

Syntheses of 2,6,6-trimethyl-2,4<ycloheptadienylamine 
(86) and 2,3,6,6-tetramethyl-3-cycloheptenone (87), which 
is the precursor to the amine 88, are shown in Scheme 19. 
Thus, eucarvone (Can./. Chem. 1974, 52, 1352) was readily 
converted to the corresponding amine 86 using the titanium 
isopropoxide/NaBH 4 /Et 3 N-mediated reductive amination 
procedure described in Synlett 1999, 1781. Cu(I)-catalyzed 
Michael addition of trimethylaluminum to eucarvone, using 
the procedure described in Tetrahedron 1995, 51, 743-754, 
gave 23,5,5-tetramethyl-3-cycloheptenone (87). The latter 
was converted to 2,3,5,5-tetramethyl-2-cycloheptenylamine 
(88) according to the general procedure of world patent WO 
9927783. 

N -M ETH YL - N- ( 2 -PH EN YL ETHYL) -(1,5,5 - 
TRIMETHYL-3-AMINOCYCLOHEXYL)CARBANlDE 
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(89). 



H 2 N, 




10 

l,5,5-trimethyl-3-oxo-l-cycIohexylcarboxylic acid (M. S. 
Ziegler and R. M. Herbst, J. Org. Chem. 1951, 16, 920) was 
coupled to N-Methyl-2-phenylethylamine using the standard 
15 HOAt, EDCI and DMAP-mediated coupling conditions to 
give [N-methyl-N-(2-phenylethyl)]-l,5,5-trimethyl-3-oxo-l- 
cyclohexylcarboxamide as a pale yellow oil. Mass spectrum 
indicated the parent ion at m/e 301. *H and 13 ONMR 
spectra were consistent with this structure. 

Amine 89 was prepared from this ketone according to the 
general procedure of world patent WO 9927783, by con- 
verting to the corresponding N-hydroxyoxime followed by 
hydrogenation in the presence of Raney® Ni. *H-NMR of 
the amine indicated a 1:1 mixture of diastereomers. 
3-(3,3-DlMETHYLBUTOXYCARBONYL)-3,5,5- 
TRIMETHYLCY CLOHEXYLAMINE (90). 



90 
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l,5,5-trimethyl-3-oxo-l -cyclone xylcarboxylic acid (3.0 
g) (M. S. Ziegler and R. M. Herbst,/. Org. Chem. 1951, 16, 
920) was treated with 3,3-dimethylpentanol (1.84 g), DMAP 
(2.21 g) and 1,3-diisopropylcarbodiimide (217 g) in CH 2 C1 2 
(80 mL) under standard coupling conditions to give 2.41 g 
(55% yield) of 3-(3,3-dimethylbutoxycarbonyl)-3,5,5- 
trimethylcyclohexanone. Mass spectrum (EI) indicated par- 
ent ion at m/e 268. 

This ketone was converted to the title amine 90 according 
to the general procedure of world patent WO 9927783, by 
converting to the corresponding oximc followed by hydro- 
genation in the presence of Raney® Ni. 1 II-NMR of the 
amine 90 indicated a 1:1 mixture of diastereomers. 



Scheme 20 
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4-(4,6-BIS-TRIFLUOROMETHYL-2-PYRIDYL)OXY-3, 
3,5,5 -TETRAMETHYLCY CLOHEXYLAMINE (93). 

Synthesis of this amine is shown in Scheme 20. Thus, 
4-hydroxy-33,5,5-tetramethylcyclohexyl-l,l-ethylene gly- 
col acetal (900 mg, 4.2 mmol) was dissolved in dry DMF 
(8.4 mL), the mixture was cooled to 0° C. and 35% (wt) oil 
suspension of KH (591 mg, 5.04 mmol) was added. After 



suspension ot KH (591 mg, 5.04 mmol) was added. After accompiisned accord 
stirring the mixture for 1 hour, a solution of 2-chloro-4,6- patent WO 9927783. 



(hexane-EtOAc, 5:1) to give 712 mg (96% yield) of ketone 
92 as a colorless oil. Mass spectrum (EI) indicated parent ion 
15 mleof383. 



Reductive amination of 92 to the title amine 93 was 
accomplished according to the general procedure of world 
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bis-trifluoromethyl-2-pyridine (1.48 g, 6.3 mmol) in DMF (2 
mL) was added dropwise. The mixture was stirred at 0° C. 
for 1 hour, then at room temperature for 12 hours, and 
carefully quenched with ammonium chloride. Diethyl ether 
(100 mL) was added, and the organic phase was separated, 
washed with brine, dried (MgS0 4 ) and concentrated to a 
dark brown solid. Recrystallization from hot hexanes 
yielded 950 mg (53% yield) of 4-(4,6-bis-trifluoromethyl- 
2-pyridyl)oxy-3,3,5,5-tetramethylcyclohexyl-l,l- 
ethyleneglycolacetal (91), m.p.=105~106° C. 

The acetal 91 (900 mg) was dissolved in a 1:1:1 mixture 
(30 mL) of THF, dioxane and 2N HC1, and the resulting 
solution was stirred at room temperature for 12 hours, when 
GC indicated complete disappearance of the starting mate- 
rial. The mixture was diluted with water and diethyl ether 
(50 mL each), the organic phase was separated, washed with 
brine, dried (Na 2 S0 4 ) and concentrated to give an oily 
residue. This residue was chromatographed on silica gel 
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3-(2,3-DICHLOROPROPYLOXY)lMETHYL-3,5,5- 
TRIMETHYLCYCLOHEXYLAMINE (97). 

Synthesis of the amine 97 is shown in Scheme 21. 
Dichlorination of the alkene 94, according to the procedure 
of Tetrahedron Lett. 1991, 32, 1831^, yielded the acetal 95. 
The latter (500 mg) was dissolved in a 1:1 mixture of THF 
and 2N HC1. The resulting solution was stirred at room 
temperature for 1 hour, when TLC indicated that the starting 
material had disappeared. The mixture was diluted with 
EtOAc and water (30 mL each), and the organic phase was 
separated and washed with brine, dried (Na^SC^), filtered 
and concentrated to give 383 mg of ketone 96 as an oil. 
! H-NMR was consistent with a diasteromeric mixture of 
isomers. Reductive amination following the standard pro- 
cedure described earner afforded the title amine 97. 
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Scheme 22 

L PhLi, THF^ 
U.2NHC1 




99 




3-BENZOYL-3^^-TRIMETHYLCYCLOHEXYLAMINE 
(100). 

Preparation of this amine is shown in Scheme 22. 
3-Cy ano -3,5,5 -tetra me thy Icy clohexy 1-1 ,1- 
ethyleneglycolacetal (98) (World Patent WO 9927783), 
upon reaction with phenyllithium followed by acid 
hydrolysis, afforded the diketone 99, which was converted to 
the title aminoketone 100 according the procedure of the 
above patent. 
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5p-{2-PHENYLETHYL)-3p-METHOXY-4p-METHYL-4- 
NITRO-CY CLOHEXYLAMINE (105). 

Preparation of the amine 105 is shown in Scheme 23. 
Condensation of nitroethane with dihydrocinnamaldehyde, 
according to the procedure of Bull Chem. Soc. Jap. 1968, 
41, 1441, gave the corresponding nitro alcohol 101. Dehy- 
dration of 101, according to the procedure of Synthesis \ 
1982, 1017, followed by polymer supported 
triphenylphosphine-mediated isomerization (Tetrahedron 
Lett. 1998, 39, 811-812), gave the alkene 103. Diels-Alder 
cycloaddition of 103 to Danishefsky's diene, according to 
the procedure of Tetrahedron Lett. 2000, 41, 1717, yielded 
the ketone 104. The ketone 104 was converted to the amine 
105 according to the standard procedure of World Patent 
WO 9927783. 
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3-CYANO-3,5,5-TRIMETHYLCYCLOHEXYLAMINE 
(106). 

This compound was prepared (Scheme 24) by reductive 
amination of 3-cyano-33,5-trimethylcyclohexanone accord- 
ing to the standard reductive amination procedure described 
above. The mass spectrum (EI) indicated parent ion m/e of 
167. 
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Scheme 25 
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3-AMIN0-5-PHENYLTHI0PYRAN (107). 

This compound was prepared as shown in Scheme 25. 
Thus, to 0.96 g (5 mmol) of 5-phenyl-3-thiopyranone (P. T. 
Lansbury, et al.,7. Am. Chem. Soc. 1970, 92, 5649) in 50 mL 
of anhydrous methanol was added 7.7 g (100 mmol) of 
ammonium acetate and 6.5 g of 3A molecular sieves. After 
stirring 30 minutes at room temperature, 1.25 g (20 mmol) 
of sodium cyanoborohydride was added portionwise. After 
stirring 16 hours, the mixture was gravity filtered, and the 
methanol was evaporated under vacuum. The residue was 
partitioned between ice/HCl and ether. The acidic aqueous 20 
phase was extracted twice more with ether, then it was made 
basic with ice and 50% NaOH aqueous. The mixture was 
extracted with CH 2 C1 2 , dried (MgS0 4 ), and evaporated to 
give 0.19 g (20%) of the tide compound. GC/MS showed 
100% purity with a molecular ion of 193. 

Scheme 26 



vigorously to prevent clumping. A solution of the above 
ketal (8.0 g, 26.49 mmol) dissolved in 75 mL CH 2 C1 2 was 
added and the reaction was stirred for 3 hours. The mixture 
was then filtered and the silica gel pad was washed with 500 
mL CH 2 C1 2 . The solvent was evaporated to afford 5.6 g 
(86%) of 4-(4-trifluorophenoxy)cyclohexanone (108). 

Reductive amination of ketone 108 according to the 
standard reductive amination procedure described above, 
gave the title compound 109. 

Scheme 27 
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4. (4-TRI FLU ORO METHYL) 

PHENOXYCY CLOHEXYLAMINE (109). 

This compound was prepared according to Scheme 26. To 
a stirred solution of sodium hydride (1.2 g, 0.05 mol) in 50 
mL of DMF was added dropwise over 10 minutes a solution 
of l,4-dioxaspiro[4.5]decan-8-ol (7.5 g, 0.047 mol) in 15 
mL of DMF. The mixture was stirred at ambient temperature 
for 30 minutes. 4-Fluorobenzotrifluoride (7.71 g, 0.047 mol) 
was added all at once and the reaction stirred at room 
temperature for 2 hours and then overnight at 70° C. The 
reaction mixture was poured into cold water (700 mL) and 
the solution made slightly acidic by the addition of IN HQ. 
The mixture was filtered and the aqueous filtrate extracted 
with hexane (2x150 mL). The filtered solid was dissolved in 
the hexane extracts and washed with water (50 mL). The 
solution was dried over MgS0 4 , filtered and concentrated to 
afford a white solid. 

This solid was recrystallized from methanol/water to give 
the pure ketal (8.6 g, 61%). 

Silica gel (30 g) was suspended in 150 mL of CH 2 C1 2 . To 
this suspension was added dropwise over 5 minutes 7 mL of 
a 12% HC1 solution in water. The mixture was stirred 



35 

4-BENZOYLOXY-3,3,5,5- 
TETRAMETH YLCY CLOHEXYLAMINE (1 11). 

This compound was prepared following the procedure of 
Scheme 27. To a stirred solution of 7,7,9 ,9-tetramethyl-l,4- 
40 dioxaspiro[4.5]decan-8-ol (0.37 g, 1.73 mmol) in 6 mL of 
THF cooled to 0° C. was added n-BuLi (2.5M in hexanes, 
1.73 mmol, 0.7 mL) dropwise. The reaction was stirred for 
10 min. Benzoyl chloride (1.73 mmol, 0.2 mL) was then 
added, and the reaction was allowed to warm to room 
45 temperature and stirred overnight. The reaction mixture was 
poured into 50 mL 0.5N NaOH and extracted with ether 
(3x20 mL). The ethereal layer was dried over MgS0 4 , 
filtered and concentrated. The residue was purified by radial 
chromatography using 4:1 hexane-EtOAc as the eluent. 
50 Thus obtained was 0.55 g (-100%) of the benzoyloxyketal. 
Silica gel (2.2 g) was suspended in 10 mL of CH 2 C1 2 . To 
this suspension was added dropwise over 5 minutes 0.5 mL 
of a 12% HC1 solution in water. The mixture was stirred 
vigorously to prevent clumping. A solution of the above 
55 benzoyloxy ketal dissolved in 5 mL CH 2 C1 2 was added and 
the reaction was stirred for 3 hours. The mixture was then 
filtered and the silica gel pad was washed with 100 mL 
CH 2 C1 2 . The solvent was evaporated to afford 0.46 g (90%) 
of the benzoyloxycyclohexanone 110 as a clear oil. 
60 To a stirred solution of the benzoyloxycyclohexanone 110 
(0.46 g, 1.68 mmol) in 4 mL of methanol was added all at 
once a solution of hydroxylamine hydrochloride (0.23 g, 
3.25 mmol) and potassium acetate (0.32 g, 3.25 mmol) in 4 
mL of water. The reaction was stirred at room temperature 
65 overnight. Water (20 mL) was added and the resulting 
mixture extracted with ether (3x10 mL). The ether extracts 
were combined, washed with saturated NaHC0 3 (1x20 mL) 
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pounds could not be separated by silica gel chromatography 
so the mixture was carried on to the next step and purified 
there. 

Silica gel (1.4 g) was suspended in 10 mL of CH 2 C1 2 . To 
this suspension was added dropwise over 5 minutes 0.3 mL 
of a 12% HC1 solution in water. The mixture was stirred 
vigorously to prevent clumping. A solution of the above 
mixture dissolved in 5 mL C^CL^ was added and the 
reaction was stirred for 3 hours. The mixture was then 
filtered and the silica gel pad was washed with 100 mL 
CH 2 C1 2 . The solvent was evaporated to afford an oil. Pre- 
cipitation of the desired picolinic ester 112 was effected by 
adding 10 mL of 4:1 hexane-EtOAc solution. The resulting 



and brine (1x15 mL). The ethereal layer was dried over 
MgS0 4 , filtered and concentrated to give the desired oxime 
(0.39 g, 80%) as a mixture of E and Z isomers. 

Raney® Nickel (0.8 g wet weight, Aldrich Chemical Co.) 
in a 500 mL Parr pressure bottle was washed with water 5 
(3x20 mL) then ethanol (3x20 mL), the wash solvent being 
decanted each time. To this washed catalyst was added a 
solution of the oxime (0.39 g, 1.35 mmol) in anhydrous 
ethanol (30 mL). Some heating of this solution was required 
for dissolution. The resulting mixture was saturated with io 
ammonia by bubbling ammonia gas through the solution for 
1 minute. This solution was placed under a hydrogen atmo- 
sphere (initial hydrogen pressure=*50 psi) on a Parr shaker 

and shaken for 7 hours. The reaction mature was then ~ mL of ^ hexane . 

filtered through a pad o Celite® and ^"toni™ " EtOAc. The hexane-EtOAc washings were combined and 
evaporated to yield a nearly "^^P^fr?"* evaporated to yield an oil. The above procedure was 
titauve yield). The proton NMR and GC/MS were consis en ^° * ^ ^ ^ es J n2 as a white 

with this matenal being a diastereomenc (4: 1 ratio) mixture J£ ^ ^ ^ % ^ ^ ^ proton ^ ^ QC/MS 

showed the desired product in >95% purity. 

A mixture of this ester (200 mg, 0.65 mmol), titanium(IV) 
isopropoxide (1.30 mmol, 0.38 mL), ammonium chloride 
(1.30 mmol, 70 mg) and triethylamine (1.30 mmol, 0.18 mL) 
in absolute ethanol (10 mL) was stirred under nitrogen at 
ambient temperature for 12 hours. Sodium borohydride 
(0.97 mmol, 40 mg) was then added and the resulting 
mixture was stirred for an additional 8 hours at ambient 
temperature. The reaction was then quenched by pouring 
into aqueous ammonia (20 mL, 2.0 M), and the resulting 
30 solution was extracted with ether (3x20 mL). The combined 
ether extracts were extracted with 2N HC1 (2x20 mL) to 
separate the non-basic materials. The acidic solution was 
washed once with ether (20 mL), and then treated with 
aqueous sodium hydroxide (2N) to pH 10-12, and extracted 
with EtOAc (3x20 mL). The combined EtOAc washings 
were dried over MgS0 4 , filtered and concentrated to afford 
an oil. This material was consistent with a 6:1 diastereo- 
meric mixture of the tide cyclohexylamines. Proton NMR 
and GC/MS showed the desired product in -75% purity. 
This mixture of amines was used as is without further 
purification. 

trans-2-THIOMETHYLCYCLOHEXYLAMINE. 



of the title amine 111. This material was used as is with no 
additional purification. 

Scheme 28 
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4-AMINO-2,2,6,6-TETRAMETHYLCYCLOHEXYL-6- 
CHLORO-2-PYRIDINECARBOXYLATE (113). 

This compound was synthesized as shown in Scheme 28. 
To a stirred solution of 7,7,9,9-tetramethyl-l,4-dioxaspiro 
[4.5]decan-8-ol (0.32 g, 1.50 mmol) in 5 mL of THF cooled 
to 0° C. was added n- BuLi (2.5M in hexanes, 1.50 mmol, 
0.6 mL) dropwise. The mixture was stirred for 10 minutes. 
6-Chloropicolinoyl chloride (1.50 mmol, 0.26 g) was then 
added as a solution in 1 mL THF and then the reaction was 
allowed to warm to room temperature. The solution 
solidified, so an additional 5 mL of THF was added and the 
reaction stirred overnight. The reaction mixture was poured 
into 40 mL 0.5N NaOH and extracted with ether (3x20 mL). 
The ethereal layer was dried over MgS0 4 , filtered and 
concentrated. Proton NMR revealed the expected product 
together with starting material in 1.6:1 ratio. These com- 



This amine was prepared from cyclohexene using the 
azasulfenylation technology of B. M. Trost and T. Shibata, 
J. Am: Chem. Soc. 1982, 104, 3225. 
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4-PHENYLTHIOCY CLOHEXYLAMINE (115). 

This compound was prepared following the procedure 
shown in Scheme 29. To stirred solution of 
4-phenylthiocyclohexanone (V. K. Yadav and D. A. Jeyaraj, 
/. Org. Chem. 1998, 63, 3474) (1.20 g, 5.83 mmol) in 20 mL 
of methanol was added all at once a solution of benzy- 
loxyamine hydrochloride (1.80 g, 11.22 mmol) and potas- 
sium acetate (1.10 g, 11.22 mmol) in 20 mL of water. The 
reaction was stirred at room temperature overnight. Water 
(60 mL) was added and the resulting mixture extracted with 
ether (3x40 mL). The ether extracts were combined, washed 
with satd. NaHC0 3 (1x50 mL) and brine (1x40 mL). The 
ethereal layer was dried over MgS0 4 , filtered and concen- 
trated to give an oil. This material was purified via radial 
chromatography (9:1 hexane-EtOAc) to afford the corre- 
sponding 0-benzyloxime 114 (1.72 g, 95%) as a mixture of 
E and Z isomers. 

Lithium aluminum hydride (5.08 mmol, 0.19 g) was 
suspended in 10 mL of anhydrous ether and cooled to 0° C. 
The O-benzyloxime 114, dissolved in 5 mL of ether, was 
added dropwise, and the reaction was allowed to warm to 
room temperature and stirred for 4 hours. Excess lithium 
aluminum hydride was destroyed by careful, simultaneous 
addition of water (0.2 mL) and IN NaOH (0.2 mL). The 
mixture was filtered and the salts washed with 50 mL of 
ether. The solvent was evaporated to afford 0.62 g (93%) of 
the title amine 115 as an oil. Proton NMR and GC/MS 
revealed the product to be a 1.3:1 ratio of diastereomeric 
amines in >95% purity. 

Scheme 30 
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To a stirred solution of 116 (0.26 g, 0.95 mmol) in 3 mL 
of methanol was added all at once a solution of benzy- 
loxyamine hydrochloride (0.29 g, 1.83 mmol) and potassium 
acetate (0.18 g, 1.83 mmol) in 3 mL of water. The reaction 

5 was stirred at room temperature overnight. Water (10 mL) 
was added and the resulting mixture extracted with ether 
(3x10 mL). The ether extracts were combined, washed with 
saturated NaHC0 3 (1x15 mL) and brine (1x15 mL). The 
ethereal layer was dried over MgS0 4 , filtered and concen- 

30 trated to give an oil. This material was purified via radial 
chromatography (9:1 hexane-EtOAc) to afford the separated 
oximes (0.32 g, 89%). The E-isomer (R^O.33) and Z-isomer 
(Rf-0.25) showed consistent proton NMR and GC/MS spec- 
tral characteristics. 
Lithium aluminum hydride (1.33 mmol, 50 mg) was 

15 suspended in 3 mL of anhydrous ether and cooled to 0° C. 
The combined oximes, dissolved in 1 mL of ether, was 
added dropwise and the reaction was allowed to warm to 
room temperature and stirred for 4 hours. Excess lithium 
aluminum hydride was destroyed by careful, simultaneous 

20 addition of water (50 fiL) and IN NaOH (50 juL). The 
mixture was filtered and the salts washed with ether to a 
volume of 100 mL. The ether solution was extracted with 2N 
HC1 (2x50 mL) to separate the non-basic materials. The 
acidic aqueous solution was washed once with ether (50 

25 mL), then treated with aqueous sodium hydroxide (2M) to 
pH 10-12, and extracted with ether (3x50 mL). The ethereal 
layer was dried over MgS0 4 , filtered and concentrated to 
afford 121 mg (52%) of the desired title amine 117 as an oil. 
Proton NMR and GC/MS revealed the product to be a 1.3:1 

30 ratio of diastereomeric amines in >95% purity. 

Scheme 31 
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3-{[3- (TRIFLUOROMETHYL)-2-PYRIDINYL] 55 
SULFANYL} -CYCLOHEXYLAMINE (117). 

This amine was prepared following the method shown in 
Scheme 30. To a stirred solution of 2-cyclohexen-l-one 
(0.44 mL, 4.58 mmol) and 2-mercapto-5 - 
trifluoromethylpyridine (0.82 g, 4.58 mmol) in 20 mL 60 
CH 2 Cl2 at ambient temperature was added bismuth trichlo- 
ride (60 mg, 0.18 mmol). The reaction was stirred at room 
temperature overnight and concentrated. The residue was 

purified via radial chromatography using 4:1 hexane-EtOAc l-(5-AMINO-l,3,3-TRIMETHYLCYCLOHEXYL)-4- 
as the eluent to afford 1.12 g (89%) of the conjugate addition 65 PHENYL-1-BUTANONE (120). 

product 2-(3-oxo-cyclohexylthio)-5-trifluoromethylpyridine Synthesis of this amine was accomplished by the method 
(116). depicted in Scheme 3 1 . A suspension of naphthalene ( 1 .23 g, 
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9.57 mmol) and lithium granules (67 mg, 9.57 mmol) in 10 -continued 
mL of THF at ambient temperature was stirred overnight nh 2 
under nitrogen. This lithium naphthalide solution was 
cooled to -60° C. and phenyl 3-phenylpropyl sulfide (1.1 g, 
4.78 mmol) was added. The reaction was warmed to -20° C. 5 

to ensure complete reaction and then recooled to -60° C. A ^ -"s^ ^"''*/ / / Ph 

solution of 7-cyano-7,9,9-trimethyl-l,4-dioxaspiro[4.5] * ° 

decane (0.5 g, 2.39 mmol) in 5 mL THF was added and the 122 
solution warmed to 0° C. and stirred for 2 hours at that 
temperature. The reaction was quenched by the addition of 10 

10 mL of saturated ammonium chloride solution and then 

treated with 2N HC1 to pH -4 and stirred at room tempera- 2-BENZYL-6-METHYL-4-PYRANYLAMINE (122). 
ture overnight. The mixture was extracted with ether (3x30 
mL), dried over MgS0 4 , filtered and evaporated. The resi- 
due was purified via radial chromatography using 6:1 15 This amine was prepared according to Scheme 32. To 0.37 
hexane-EtOAc as the eluent. Thus obtained was a,l:3 mix- g (1-8 mmol) of 2-benzyl-6-methyl-4-pyranone (G. 
ture of 3-(2-oxo-4-phenylbutyl)-3,5,5- Piancatilli, el. al., Synthesis, 1982, 248) was added 0.22 g 
trimethylcyclohexanone 118 (136 mg, R.^0.18) and itsketal (3.1 mmol) of hydroxylamine hydrochloride and 0.16 g (2 
(509 mg, Ry=0.33), the product of an incomplete hydrolysis. mmol) of sodium acetate in 10 mL of methanol. After 
The total yield for the addition of l-lithio-3-phenylpropane 20 stirring overnight, the mixture was partitioned between 
to the nztrile was calculated to be 85%. CH 2 C1 2 and water. The organic phase was dried and evapo- 

Silica gel (1 .82 g) was suspended in 10 mL of CH 2 C1 2 . To rated. The oily residue solidified upon standing at room 
this suspension was added dropwise over 5 minutes 0.41 mL temperature to give 0.4 g (99%) of the desired oxime 121 as 
of a 12% HC1 solution in water. The mixture was stirred a Z/E isomer mixture 1:1 by GC/MS with a molecular ion of 
vigorously to prevent clumping. A solution of the above 219, and that was used as is in the reduction reaction below, 
ketal dissolved in 2 mL CH 2 C1 2 was added and the reaction 
was stirred for 3 hours. The mixture was then filtered and the 

silica gel pad was washed with 50 mL CH 2 C1 2 . The solvent To 04 g of 2-benzyl-6-methyl-4-pyranone oxime (121) 
was evaporated to afford 0.48 g (100%) of 3-(l-oxo-4- (1.8 mmol) in 50 mLof 95% ethanol was added 0.8 g (wet 
phenylbutyi)-3,5,5-trimemylcyciohexanone (118) as a clear 30 weight) of Raney® nickel that had been washed with water 

011 consistent with its NMR and GC/MS properties. 3 times and ethanol 3 times. The mixture was placed under 
To a stirred solution of this bis-ketone (0.62 g, 2.17 mmol) 41 P si S of hydrogen in a Parr Shaker for 32 hours. After 

in 7 mL of methanol was added all at once a solution of venting, the mixture was gravity filtered and evaporated 
hydroxylamine hydrochloride (0.16 g, 2.28 mmol) and under vacuum. The residue was partitioned between CH 2 C1 2 
sodium acetate (0.25 g, 3.03 mmol) in 7 mL of water. The 35 and aqueous sodium carbonate solution. The organic phase 
reaction was stirred at room temperature for 1 hour. Water was dried and evaporated under vacuum to give 0.19 g of a 
(20 mL) was added and the resulting mixture extracted with mixture of the desired title amine 122 plus oxime 121 in a 
ether (3x20 mL). The ether extracts were combined, washed 2:1 mixture by GC/MS analysis. The mixture was used as is 
with saturated NaHC0 3 (1x20 mL) and brine (1x20 mL). without further separation. 
The ethereal layer was dried over MgS0 4 , filtered and 40 

concentrated to give the desired mono-oxime 119 (0.57 g, * . o 

87%) as a mixture of E and Z isomers. / \ / f 

Raney® Nickel (0.8 g wet weight, Aldrich Chemical Co.) H ^ \ / \ 

in a 500 mL Parr pressure bottle was washed with water * ' Ph 

(3x20 mL) then ethanol (3x20 mL), the wash solvent being 45 
decanted each time. To this washed catalyst was added a 
solution of the oxime 119 (057 g, 1.89 mmol) in anhydrous 

ethanol (40 mL). The resulting mixture was saturated with 1-BENZ0YL-4-AMIN0PIPERIDINE. 
ammonia by bubbling ammonia gas through the solution for 
1 minute. This solution was placed under a hydrogen atmo- 5Q 

sphere (initial hydrogen pressure=50 psi) on a Parr shaker This compound was prepared by the method of 
and shaken for 7 hours. The reaction mixture was then Bhattacharyya, et al., SynLett, 1999, 11, 1781. 
filtered through a pad of Celite® and the solvent was 

evaporated to yield an oil (0.43 g, 80%). Analysis by GC/MS Scheme 33 

showed a 1:1 diastereomeric mixture of the title amines 120, " 
along with a minor unidentified byproduct. This mixture of 55 
amines was used directly as is without further purification. 
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1- (4-METHYLBENZYL)^4-PIPERIDI>fYLAMINE (125). 1 - ( 3 - T R I F L UOROMETHYL BENZYL ) - 4 - 

PIPERIDINYLAMINE (127). 

0 , . _ . . . ,. « , Prepared according to Scheme 34. To 0. Bg (3.1 mmol) of 

Synthesis of this compound was accomplished according n . /.« Jf ni . . , r , . '« 

, v r ° 20 l-(3-trifluorometbylbenzyl)-4-pipendone [prepared in the 

to Scheme 33. To 5.05 g (50 mmol) of 4-hydroxypiperidine ^ mmnQi ^ x.^^ethyjbe^^.piperidinone) 123] in 

and 7.08 g (50 mmol) of p-methylbenzyl chloride in 25 mL 7 mL of pyridine was ad ded 0.22g (3.1 mmol) of hydroxy- 

of tert-butanol was added excess solid potassium carbonate, lamine hydrochloride, and the mixture was stirred overnight, 

and the mixture was heated on a steam bath for 3 h. The The mixture was evaporated under vacuum and the residue 

mixture was cooled to room temperature and partitioned 25 partitioned between ether and dilute aqueous sodium bicar- 

between ether and water. The organic phase was extracted bonate. The organic phase was dried and evaporated under 

with cold dilute HC1, and the acidic aqueous phase was vacuum to give 0.52 g (62%) of the oxime as an oil, which 

extracted with ether twice. The aqueous phase was made was xlSGd 85 is in the hydrogenation step below. GC/MS 

basic with ice and 50% aqueous NaOH and extracted with 30 showcd a molecular ioD of 272 - 

*u tu *u u 1 . . ... j- , To 0.5g (2 mmol) of this oxime in 75 mL of ethanol was 

ether. The ether phase was washed with dilute aqueous Jn f\ ♦ • u.\ * n ^ • i 1 ,u * u a u 

v H added 0.5 g (wet weight) of Raney® nickel that had been 

sodium bicarbonate solution, brine, dried, and evaporated washed 3 times each with water and ethanol Ammonia gas 

under vacuum to give 5.3 g (52) of l-(4-methylbenzyl)-4- was bubbled into the mixture for several minutes and all was 

hydroxypiperidine (123) as an oil. GC/MS showed 100% 35 placed under 45 psig of hydrogen in a Parr shaker for 7 

purity with a molecular ion of 205. hours - ^ vessel was vented and the mixture gravity 

filtered. The residue was dissolved in ether, filtered, and 
evaporated to give 0.43 g (81%) of the title amine 127, 

To 2.8 mL (32 mmol) of oxalyl chloride in 75 mL of which was used as is without further purification. GC/MS 

CH 2 Cl, at -78° C. was added 4.6 mL(64 mmol) of DMSO. 40 indicated a single peak with a molecular ion of 258. 

To this mixture was added 5.3 g (26 mmol) of l-(4- 

methylbenzyl)-4-piperidinol 123 in 10 mL of CHjAj, and Scheme35 
the mixture was stirred 5 min in the cold. The mixture was 
quenched with 18 mL (129 mmol) of triethylamine and 
allowed to come to room temperature, and saturated aqueous 
ammonium chloride was added. The organic phase was 

washed with water and brine, dried, and evaporated to give "° ™i 

4.27 g (81%) of l<4-methylbenzyl)-4-piperidinone (124), 128 
which was used as is without further purification. GC/MS so 

showed 100% purity with a molecular ion of 203. cis/trans-2-METHYL-3-TETRAHYDROFURYL AMINE 

(128). 

This amine was obtained following the method of Scheme 

To 4.25 g (21 mmol) of l-(4-methylbenzyl)-4- 35. To 1.15 g (10 mmol) of 2-methyltetrahydrofuran-3-one 

piperidinone 124 in 200 mL of anhydrous methanol was 55 oxime (prepared via standard procedures from commercially 

added 32.2 g (420 mmol) of ammonium acetate and 25 g of available 2-methyltetrahydrofuran-3-one) in 50 mL of 

3 A molecular sieves. After stirring 30 min, 5 .25 g (84 mmol) methanol was added 1 g (wet weight) of Raney® nickel that 

of sodium cyanoborohydride was added portionwise. After had been washed 3 times each ^ water and ethanol > and 

stirring 16 hours, the mixture was gravity filtered and the P laced ™ a Parr shaker under * P si § of ^f"' ^1* 

, . « , rn. . , ^-60 hours, the mixture was vented and gravity filtered. The 

methanol evaporated under vacuum. The residue was parti- , , , , j iL • j 

r , . . _, . *, methanol was evaporated under vacuum, and the residue 

honed between ether and ice/HCl. The acidic aqueous layer was takeQ up fa ether ^ dfied ^ ethefeal phase was 

was extracted twice with ether, made basic with 50% aque- evaporated under vacuum to give 0.6 g (59%) of the title 

ous NaOH and ice, and extracted with CH^ to give 2.1 g am i ne 128 as a cis/trans mixture. The GC/MS showed 41% 

(48t) of the title amine 125 as a thick oil. GC/MS showed a 65 with a molecular ion of 101 and 59% with a molecular ion 

molecular ion of 204. The product was used as is without of 101. The amine mixture was used as is without further 

further purification. purification. 



45 





US 6,355 

57 



Scheme 36 




133 



2- BENZYL-2 7 6-DI^THYL-4-PYRANYLAMINE (133). 
This amine was obtained following the procedure 

depicted in Scheme 36. To 4.88 g (19.7 mmol) of 

3- trimethylsilyoxybutyric acid trimethylsilyl ester in 40 mL 
of CH 2 a 2 at -78° C. was added 2.4 g (18 mmol) of 
phenylacetone and 1 drop of trimethylsilyl triflate. The 30 
mixture was allowed to stand in the cold for 2 days, then was 
quenched with 0.5 mL of pyridine and allowed to come to 
room temperature. The organic phase was washed with 
dilute aqueous sodium bicarbonate solution, dried, and 
evaporated under vacuum. The residue was distilled under 35 
vacuum to give 2.89 g (67%) of 2-benzyl-2,6-dimethyl-4- 
methylene-13-dioxan-4-one (129), b.p. 125-32 @ 0.6 mm. 
GC/MS showed two isomers, each with a base peak of 134 
(phenylacetone). 

To 1.5 g (6.8 mmol) of 2-benzyl-2,6-dimethyl-4- 40 
methylene -l,3-dioxan-4-one (129) under nitrogen was 
added 2.9 g (13.9 mmol) of bis-(cyclopentyI)-bis-methyl 
titanocene in 20 mL dry THE The mixture was heated at 
reflux for 16 hours. The reaction mixture was cooled to room 
temperature and quenched with excess ether. The entire 45 
mixture was filtered through a silica gel bed with ether as the 
eluent. The filtrate was evaporated and chromalographed on 
silica gel with EtOAc and hexane (1:4) containing 0.2% 
triethylamine. The product-containing fractions were evapo- 
rated and slurried in petroleum ether and filtered under 
vacuum to give 1.2 g of a solid. GC/MS showed a mixture 50 
of approximately 3:1 ratio of 2-benzyl-2,6-dimethyl-4- 
methylene-l,3-dioxane (130) with a molecular ion of 218, 
and starting material 129. The mixture was used as is in the 
rearrangement below. 

To 1.2 g (5.5 mmol) of this mixture in 5 mL of toluene 55 
under nitrogen was added 10.99 mL (11 mmol) of tri- 
isobutyl aluminum hydride at -78° C. The reaction was 
allowed to stand in the cold for 16 hours and then quenched 
with a few drops of water. The mixture was allowed to come 
to room temperature, and excess saturated aqueous ammo- 60 
nium chloride was added. The mixture was extracted with 
excess CH 2 C1 2 , a difficult separation from the aluminum 
salts. The organic layer was dried and evaporated to give 1.1 
g (90%) of 2-benzyl-2,6-dimethyl-4-hydroxypyranol (131) 
as a 75:25 isomer mixture (by GC/MS). 65 

To 1 .1 g (5 mmol) of 131 in 10 mL of CH 2 C1 2 was added 
1.6 g (7.5 mmol) of pyridinium chlorochromate portionwise 
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with magnetic stirring. After 1 hour at room temperature, 
ether was added and the mixture was filtered through a silica 
gel bed and washed through with ether. The filtrate was 
evaporated to give 0.88 g (80%) of 2-benzyl-2,6-dimethyl- 
4-pyranone (132). GC/MS showed 99% purity with a base 
peak of 127 (M-benzyl). The isomer mixture was used as is 
in the reductive amination below. 

To 0.88 g (4 mmol) of 132 in 40 mL of anhydrous 
methanol was added 6.16 g (80 mmol) of ammonium acetate 
and 5 g of 3A molecular sieves. After stirring 45 min at room 
temperature, 1.02 g (16 mmol) of sodium cyanoborohydride 
was added portionwise with magnetic stirring. The mixture 
was gravity filtered, and the methanol evaporated under 
vacuum. The residue was partitioned between ether and 
dilute cold HQ. The aqueous phase was extracted with ether 
twice, then it was made basic with ice and 50% aqueous 
NaOH. The product was extracted with CH 2 C1 2 , dried, and 
evaporated to give 0.43 g (49%) of a two component isomer 
mixture of the title amine 133. GC/MS showed 58% with a 
molecular ion of 128 and 42% with a molecular ion of 128. 



Scheme 37 




135 136 



l-(3-PHENYLPROPIONRL)-4-AMINOPIPERIDINE 

(136). 

This amine was synthesized in accordance with the 
method of Scheme 37. To 4 g (40 mmol) of 
4-hydroxypiperidine in 20 mL of toluene was added phe- 
nylpropionyl chloride (derived from 6 g (40 mmol) of 
phenylpropionic acid in excess thionyl chloride). To the 
mixture was added excess 2N aqueous NaOH. After stirring 
24 hours, the toluene layer was discarded and the aqueous 
phase was extracted with CH 2 C1 2 , dried, and evaporated 
under vacuum to give 3.63 g (39%) of l-(3- 
phenylpropionyl)-4-hydroxypiperidine (134). GC/MS indi- 
cated 100% purity with a molecular ion of 233. 

To 1.68 mL of oxalyl chloride (19.2 mmol) in 35 mL of 
CH 2 C1 2 at -78° C. was added 2.73 mL (38.5 mmol) of dry 
DMSO in 5 mL of CH 2 C1 2 . After the addition, 3.6 g (15.4 
mmol) of l-(3-phenylpropionyl)-4-hydroxypiperidine 134 
in 5 mL of CH 2 C1 2 was added, and the mixture was stirred 
for 5 min in the cold. 10.73 mL(77 mmol) of triethylamine 
in 5 mL of CH 2 C1 2 was added, and the mixture was allowed 
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to come to room temperature. The mixture was quenched 
with saturated aqueous ammonium chloride solution. The 
organic phase was washed with water twice, with saturated 
brine, dried, and evaporated under vacuum to give 3.2 g (89) 
of l-(3-phenylpropionyl)-4-ketopiperidine (135). GC/MS 
showed 100% purity with a molecular ion of 231. 

To 3.2 g (13.8 mmol) of 135 in 125 mL of anhydrous 
methanol was added 21.3 g of ammonium acetate and 20 g 
of 3 A molecular sieves. After stirring 30 min, 3.47 g (55.2 
mmol) of sodium cyanoborohydride was added portionwise 
with stirring. After 3 hours, the mixture was gravity filtered, 
and the methanol evaporated under vacuum. The residue 
was partitioned between ice/HCl and ether. The acidic 
aqueous phase was extracted twice more with ether. The 
aqueous phase was made basic with ice and 50% aqueous 
NaOH. The mixture was extracted with CH 2 C1 2 , dried, and 
evaporated under vacuum to give 1.5 g (47%) of the title 
amine 136. GC/MS indicated 100% purity with a molecular 
ion of 232. 



60 
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To a stirred solution of the crude hydroxyester (282 mg, 
0.48 mmol) in pyridine cooled to 0° C. was added dropwise 
isobutyryl chloride (0.2 mL, 1.92 mmol). The cooling bath 
was removed and the mixture stirred for 5 hours. Water (2 
mL) was added and the mixture stirred an additional 30 
minutes. The solution was extracted with ether (3x10 mL). 
The ethereal layer was washed successively with ice cold IN 
HC1 (2x10 mL), saturated NaHC0 3 (1x10 mL) and brine 
(1x10 mL). The solution was dried over MgS0 4 , filtered and 
concentrated. The crude product was purified via radial 
chromatography (4:1 hexane-EtOAc) to give 171 mg of the 
isobutyryl ester 138 (23% overall for two steps). 

The BOC group of this ester was removed following the 
standard BOC-deprotection conditions described earlier to 
afford the desired amine 139. 



Scheme 38 




PREPARATION OF AMINE 139. 

Synthesis of this amine is shown in Scheme 38. A screw 
cap teflon tube was charged with 137 (M. Shimano et al., ^ 
Tetrahedron, 1998, 54, 12745) (0.80 g, 1.21 mmol) and 6 mL 
of pyridine. The solution was cooled to 0° C. and treated 
with 1.1 mL of HF-pyridine complex and the solution 
warmed to room temperature and stirred for 17 hours. An 
additional 1.1 mLof HF-pyridine was then added and the 55 
reaction stirred for an additional 30 hours. This mixture was 
poured into a stirred ice-cold solution of 40 mL IN HQ and 
20 mL 1:1 hexane-diethyl ether. The layers were separated 
and the aqueous layer was extracted with 1:1 hexane-diethyl 
ether (2x20 mL). The combined organic layers were washed 60 
with ice-cold IN HQ (1x20 mL) and brine (1x20 mL). The 
solution was dried over MgS0 4 , filtered and concentrated. 
The crude product was purified via radial chromatography 
(3:1 hexane-EtOAc) to give 282 mg of the hydroxyester 65 
(plus a minor impurity) which was carried directly to the 
next step. 



Scheme 39 

TBSO O 




141:R = R' = CH 2 Ph 
142: R = R' = H 
143: R = H, R' = CH 2 Ph 
144: R = Ac, R' « CH 2 Ph 
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PREPARATION OF AMINE 145. 
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This amine was prepared as depicted in Scheme 39. The 
hydroxyester 140 (M. Shimano et al., Tetrahedron, 1998, 54, 
12745) (6.27 mmol) was dissolved in 15 mL DMF and 
cooled to 0° C. To this solution was added successively 
DMAP (1.53 g, 12.53 mmol), EDCI (1.8 g, 9.40 mmol) and 
N-BOC-0-Bn-(L)-threonine (2.52 g, 8.15 mmol). The reac- 
tion was warmed to room temperature and stirred overnight. 
The solution was poured into a rapidly stirred mixture of 30 2 s 
mL ice cold 0.5N HC1 and 50 mL 4:1 hexane-ether. The 
layers were separated and the aqueous layer was extracted 
with 4:1 hexane-ether (1x30 mL). The combined organic 
layers were washed with 0.5N HC1 (1x20 mL) and brine 
(2x20 mL). The solution was dried over MgS0 4 , filtered and 
concentrated. The crude material was chromatographed on 
silica gel (150 g) using 1.25 L of 3:1 CH 2 Cl 2 -hexanes to 
elute anisaldehyde followed by 65:10:25 CH 2 Cl 2 -ether- 
hexanes to elute the coupled product 141 (3.95 g, 88%). 

35 

A mixture of the benzyl ether 141 (1.32 g, 1.84 mol) and 
200 mg 10% Pd/C in 25 mL of EtOAc was shaken in a Parr 
apparatus under 50 psi of hydrogen pressure for 5 hours. The 
mixture was filtered through a pad of Celite® and concen- 
trated to afford the hydroxy acid 142 (680 mg, 70%), quite 
pure by NMR analysis. 

To a stirred solution of hydroxyacid 142 (1.54 g, 2.86 
mmol) and benzyl bromide (1.5 mL, 12.29 mmol) in 7 mL 
DMF was added solid sodium bicarbonate (1.2 g, 14.27 45 
mmol). The mixture was stirred at room temperature for 24 
hours, then was partitioned between 25 mL water and 10 mL 
4:1 hexanes-ether. The layers were separated and the aque- 
ous layer was extracted with 4:1 hexane-ether (2x10 mL). 
The combined organic layers were washed with 0.1N NaOH 
(1x10 mL) and water (1x10 mL). The solution was dried 
over MgS0 4 , filtered and concentrated. The crude material 
was purified via radial chromatography (4:1 hexane-EtOAc) 
to give 1.04 g (60%) of the hydroxybenzyl ester 143. 55 

To a stirred solution of ester 143 (840 mg, 1.34 mmol) and 
acetic anhydride (1.0 mL, 10.68 mmol) in 7 mL pyridine was 
added DMAP (40 mg, 0.67 mmol). The reaction was stirred 
at room temperature for 4 hours and diluted with 80 mL 60 
EtOAc. This solution was washed successively with satu- 
rated CuS0 4 (3x30 mL), IN HC1 (1x30 mL), saturated 
NaHC0 3 (1x30 mL) and brine (1x30 mL). The solution was 
dried over MgS0 4 , filtered and concentrated to yield 0.9 g 
(100%) of acetate 144, quite pure by spectral analysis. The 65 
acetate 144 was converted via similar steps to those 
described earlier to afford the amine 145. 



147a: R = H, R' - N 3 
147b: R = allyl, R' = N 3 
147c: R = n-Pr, R' = NH 2 
147d: R = CH 2 Ph, R' = NH 2 
147e: R = Ac, R' = NH 2 

PREPARATION OF 2,3,4-TRI-O-ALKYL-beta-D- 
XYLOPYRANOSYLAMINE 147c, d, e. 

Synthesis of these amines is shown in Scheme 40. To a 
stirred solution of triacetoxy-2-azidoxylopyranosyl azide 
146 (Acros Chemical Co.) in CH 3 OH at room temperature 
was added 1.1 mL (1.06 mmol) of a 1.0 M solution of 
sodium methoxide in methanol. The reaction was stirred 
overnight and neutralized with 5x8-100 acidic resin (-0.6 
g). The solution was filtered and concentrated. The azidotriol 
147a obtained was used directly in the next step. 

The crude triol 147a was dissolved in 15 mL DMF, and 
NaH (60% dispersion, 0.53 g, 13.28 mmol) was added in 
four portions over 15 minutes. The reaction was stirred for 
30 minutes at room temperature, allyl bromide (2.7 mL, 
33.20 mmol) was added, and the mixture stirred overnight. 
Saturated ammonium chloride (10 mL) was carefully added 
followed by 50 mL of water. The aqueous solution was 
extracted with EtOAc (3x30 mL). The organic layer was 
washed successively with water (4x30 mL) and brine (2x30 
mL). The solution was dried ove'r MgS0 4 , filtered and 
concentrated. The crude material was purified via radial 
chromatography (6:1 hexane -EtOAc) to give 753 mg (77%) 
of the tri-O-n-allyl-2-azidoxylopyranose 147b. 

The resulting azide and allyl moieties were reduced by 
stirring with 150 mg of 10% Pd/C in 40 mL EtOAc under 1 
atmosphere of hydrogen for 4 hours. The resulting solution 
was filtered through a pad of Celite® and evaporated to 
afford a quantitative yield of the title amine 147c. 

The preparation of amine 147d was similar to that of 
147c, except using benzyl bromide in the alkylation step, 
followed by reduction of the azide to the amine as described 
above. 

Similar hydrogenation of azide 146 with 10% Pd/C in 
EtOAc under 1 atmosphere of hydrogen afforded amine 
147e. 

PREPARATION OF 2,3,4-TRI-O-ACETYL-BETA-L- 
FUCOPYRANOSYL AMINE (148). 



AcO* 



^ — 



r OAc 



OAc 
148 

To a solution of 2,3,4-Tri-O-acetyl-beta-L-fucopyranosyl 
azide (Acros) (750 mg, 2.38 mmol) in 40 mL of EtOAc was 
added 120 mg of 10% Pd/C. This solution was stirred under 
an atmosphere of hydrogen gas (1 atm) for 3 hours. The 
mixture was filtered through a pad of Celite® and the pad 
was washed with EtOAc (25 mL). The solution was evapo- 
rated to afford the desired amine 148 (688 mg, 100%) 
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PREPARATION OF l,3,4,6-TETRA-0-ACETYL-2- 
AMINO-2-DEOXY-alpha-D-GLUCOPYRANOSE(149). 



NH 2 



OAc 
149 

To a solution of l,3,4,6-tetra-0-acetyl-2-azido-2-deoxy- 
alpha-D-giucopyranose (TCI-US) (300 mg, 0.80 mmol) in 
25 mL of EtOAc was added 180 mg of 10% Pd/C. This 
solution was stirred under an atmosphere of hydrogen gas (1 
atm) for 3 hours. The mixture was filtered through a pad of 
Celite® and the pad was washed with EtOAc (20 mL). The 
solution was evaporated to afford the desired amine 149 (282 
mg, 100%). 

PREPARATION OF BENZYL AND METHYL 3-AMINO- 
TRIDEOXY-L-ARABINO-HEXOPYRANOSIDES 150a 
and 150b. 



10 




OTBDMS 

150a: R = CH 2 Ph 
150b: R = Me 



20 



35 



These amines were synthesized via the method of L. 
Daley, et al., Synth. Commun. 1998, 28, 61. 
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PREPARATION OF AMINE 153. 

This amine was prepared as shown in Scheme 41. [(3S, 
7R,8R,9S)-7-benzyl-8-hydroxy-9-methyl-2,6-dioxo-[l,5] 
dioxonane-3-yl]-carbamic acid tert-butyl ester (151) was 
prepared as described by M. Shimano et al, Tetrahedron, 
1998, 54, 12745. To a stirred solution of this ester (120 mg, 
0.30 mmol) in pyridine (5 mL) was slowly added methacry- 
loyl chloride (0.10 mL, 1.0 mmol) over 5 minutes. The 
resulting mixture was stirred at room temperature under a N 2 
atmosphere overnight. The reaction mixture was partitioned 
between EtOAc (75 mL) and IN HC1 (50 mL). The organic 
layer was washed with water then saturated NaCl, dried over 
MgS0 4 , and concentrated to give a clear oil. This crude oil 
was chromatographed on silica gel using 30% EtOAc in 
hexane as eluent to give the acylated intermediate 152 (138 
mg) as a clear glass. The BOC group was removed from this 
intermediate as described in the reference above to give the 
title amine 153. 

PREPARATION OF THE ANILINE OF ANTIMYCIN A3 
(154). 



H 2 N, 



25 




TT 



154 
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To a stirred solution of Antimycin A 3 (25 mg, 0.048 
mmol) in 2.5 mL of CH 2 C1 2 cooled to 0° C. was added 
pyridine (11 L) and PC1 5 (27 mg, 0.13 mmol). The mixture 
was refluxed for 1.5 hours, then was cooled to -30° C. and 
methanol (2.5 mL) was added, and the mixture was allowed 
to warm to room temperature and stirred overnight. The 
solution was poured into a 0° C. mixture of 13 mL CH 2 C1 2 



Scheme 41 




O 

153 
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and 13 mL of saturated sodium bicarbonate. The mixture 
was shaken in a separatory funnel and the layers were 
separated. The aqueous layer was extracted with CH 2 C1 2 
(2x5 mL) and the combined organic layers were dried 
(MgS0 4 ), filtered and concentrated to afford the aniline of 
Antimycin A3. 

GENERAL PROCEDURES FOR COUPLING OF 
AMINES WITH ortho -I IYDROXYIIETERO AROMATIC 
CARBOXYLIC ACIDS TO GENERATE THE HETERO- 
CYCLIC AROMATIC AMIDES 2. 

COUPLING PROCEDURE A: PREPARATION OF N-(2- 
(4-CHLOROPH EH YL)ETH YL)-3- 
HYDROXYPYRIDINE-2-CARBOXAMIDE (233). 




233 



OMe 




425 



66 
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This solid was taken up in EtOAc (20 mL), and triethy- 
lamine (0.80 g, 0.8 mmol) and 5% Pd on carbon (0.10 g) 
were added. The resulting mixture was subjected to a 
hydrogen atmosphere (initial pressure=50 psi) on a Parr 
shaker for 30 minutes. The mixture was filtered, washed 
with 0.1N HC1 (20 mL), dried (MgS0 4 ) and concentrated to 
give the title compound as an off-white solid (0.14 g), 
m.p.«122-129° C. 

COUPLING PROCEDURE C: PREPARATION OF N-(4- 
CYCLOHEXYLPHENYL)-3-HYDROXYPYRIDINE-2- 
CARBOXAMIDE. 



x OH 



15 



20 



A stirred mixture of 3-hydroxypyridine-2-carboxylic acid 
(1.39 g, 0.01 mol) in dry THF (60 mL) under argon was 2 5 
cooled to -20° C. To this was added all at once a 20% 
solution of phosgene in toluene (5.1 g, 0.01 mol) and the 
resulting mixture was stirred for 90 minutes while the 
temperature slowly rose to 0° C. The reaction mixture was 
then recooled to -20° C. and a solution of diisopropylethy- 30 
lamine (2.58 g, 0.02 mol) in THF (20 mL) was added 
dropwise over 30 minutes. After the addition was complete, 
the mixture was stirred an additional 2 hours as the tem- 
perature was slowly brought to 0° C. Stirring was continued 
at 0° C. overnight. To this stirred mixture was added, all at 35 
once, 2-(4-chlorophenyl)ethylamine (1.56 g, 0.01 mol), and 
the resulting mixture was stirred at room temperature for 6 
hours. The mixture was diluted with ether (100 mL), washed 
with IN HQ (100 mL), dried (MgS0 4 ) and concentrated to 
give the title compound as an off-white solid (1.95 g). The 40 
mass spectrum showed the expected 3:1 parent ion ratio at 
m/e 276 and 278. 

COUPLING PROCEDURE B: PREPARATION OF 
3-HYDROXY-4-METHOXY-N-(4-(4- 
TRIFLUOROMETH YLPHENOXY)PHEN YL)- 45 
PYRIDINE-2-CARBOXAMIDE (425). 



To a stirred solution of 4-(4-trifluoromethylphenoxy) 
aniline (0.20 g, 0.8 mmol) and DMAP(0.10 g, 0.085 mmol) 
in CH 2 C1 2 (10 mL) was added all at once a solution of 
3-benzyloxy-6-bromo-4-methoxypyridin-2- 
carbonylchloride (3) (0.29 g, 0.8 mmol) in CH 2 C1 2 (5 mL). 
The resulting mixture was stirred overnight at room tem- 
perature then poured into 2N HC1 (10 mL). The organic 
layer was separated and the aqueous layer extracted with 
CH^ls (2x10 mL). The organic layers were combined, 
dried (MgS0 4 ) and concentrated to give a gummy solid. 




To a stirred solution of 3-hydroxypyridine-2-carboxylic 
acid (obtained from 16 by catalytic hydrogenation in the 
presence of Pd/C as described earlier) (0.42 g, 3 mmol) and 

4- cyclohexylaniline (0.35 g, 2 mmol) in dry DMF (5 mL) 
were successively added 1-hydroxybenzotriazole (0.48 g), 
EDCI (0.65 g) and N-methylmorpholine (1.41 g). An addi- 
tional amount of DMF (5 mL) was added and the reaction 
mixture stirred at room temperature overnight. The mixture 
was poured into water (200 mL), then extracted with EtOAc 
(2x75 mL). The organic extracts were combined, washed 
with water (100 mL), and saturated NaCl solution (50 mL), 
dried (MgS0 4 ) and concentrated. The crude oil which 
solidified upon standing was chromatographed on silica gel 
(4:1 petroleum ether-ElOAc) to give the title compound 
(0.42 g) as a tan solid, m.p. 91-93° C. 

MODIFICATION OF HETEROCYCLIC 

AROMATIC AMIDES TO OTHER 
HETEROCYCLIC AROMATIC AMIDES 
PREPARATION OF 4-HYDROXYTHIOPHENE-N-(3,3,5, 

5- TETRAMETHYLCYCLOHEXYL)-3-CARBOXAMIDE 
(554). 




50 



554 



4-Methoxythiophenecarboxylic acid and 3,3,5,5- 
tetramethylcyclohexylamine were coupled together follow- 
55 ing general coupling procedure C described earlier, to give 
4-methoxythiophene-N-(3,3,5,5-tetramethylcyclohexyl)-3- 
carboxamide. 

A solution of 500 mg of this methoxythiopheneamide in 
15 mL of chloroform under a drying tube was stirred in a 

60 Dry Ice-acetone bath for 5 minutes. To this solution was 
added dropwise over 15 minutes a solution of 940 mg of 
boron tribromide (2 equivalents) in 10 mL of chloroform. 
Stirring was continued while the reaction mixture warmed to 
room temperature, and then overnight. The reaction mixture 

65 was then placed in a cold water bath, and 15 mL of water 
was added dropwise. After stirring 15 minutes, the mixture 
was diluted with 50 mL of CH 2 C1 2 and the organic layer 



US 6,355,660 Bl 



67 



separated. The water layer was washed with 50 mL of 
CHsCLj. The combined organic extracts were washed with 
25 mL of water and saturated salt solution and dried. The 
extract was filtered and concentrated. The residue was 
chromatographed on silica gel using CH 2 Cl 2 -5% EtOAc as 5 
eluent, to give 310 mg of the title compound as tan crystals, 
m.p. 170-174° C. A sample was recrystallized from petro- 
leum ether-15 EtOAc to yield tan needles, m.p. 171-173° C. 
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C.V. Grudzinskas, J. Org. Chem., 1978, 43, 3972), in 
CH 2 C1 2 (10 mL) was added rapidly to a cold (0° C), stirred 
solution of 155b (6.6 g) and DMAP (0.18 g) in dry pyridine 
(25 mL). The reaction mixture was stirred for 15 minutes at 
0° C. then at room temperature for three hours. After dilution 
with ether (200 mL), the mixture was extracted with water 
(2x100 mL), dried (MgS0 4 ) and the solvent evaporated. 
Toluene (25 mL) was added to the residue and again the 



Scheme 42 




156a: Rj ■ i-Pr, R 2 = CHMeCh 2 Ph 

156b: Ri = Me, R 2 = CH^HMeOSiMert-Bu 

156c: R, = Me, R 2 = CHfCH^tyCH^SiMe-t-Bu 




PREPARATION OF COUPLED INTERMEDIATES 

156a-d. 

These intermediates were prepared as depicted in Scheme 
42. 

To a stirred solution of the isopropyl ester of (±)-serine 
hydrochloride (2.75 g) and triethylamine (3.55 g) in CH 2 C1 2 
(75 mL) was added over a five minute period a solution of 
3-benzyloxy-6-bromo-4-methoxypyridin-2- 
carbonylchloride (3) (5.32 g) in CH 2 C1 2 (15 25 mL). The 
mixture was stirred for 30 minutes at room temperature, then 
poured into IN HQ (75 mL). The organic layer was 
separated, washed with water (25 mL), dried (Na^OJ and 
the solvent evaporated to give a yellow gum (6.7 g). This 
material could be recrystallized from ether/hexane to give 
155a as a white solid, m.p. 100-103° C. A similar procedure 
starting from the methyl ester of (+)-serine hydrochloride 
afforded the methyl ester intermediate 155b. 

To a stirred solution of 155a (1.17 g) triethylamine (0.31 
g), and DMAP (0.06 g) in CH 2 C1 2 (25 mL) was added in one 
portion a-methylhydrocinnamoyl chloride (0.46 g). The 
resulting mixture was stirred for 4 hours at room 
temperature, then poured into 2N HC1 (15 mL). The organic 
phase was separated, washed with lN,NaOH (15 mL), dried 
(MgS0 4 ) and the solvent evaporated to give 156a as a 
yellow oil (1.45 g). The NMR (CDC1 3 ) was consistent with 
this oil being a 1:1 mixture of diastereomers. 

A solution of 3-(t-butyldimcthylsilyloxy)butyryl chloride 
(3.55 g) (prepared from the corresponding 
t-butyldimethylsilyl ester by the method of A. Wissner and 



solvent evaporated. The yellow oily residue was purified via 

40 chromatography (silica gel, 7:3 hexane/acetone) to give 
156b as a mixture of diastereomers. 

To a stirred solution of 2-benzyl-3-(t- 
butyldimethylsilyloxy)propionic acid (7.36 g) (N. P. Peet, N. 
L. Lentz, M. W. Dudley, A. M. L. Ogden, D. E. McCarty, and 

45 M. M. Racke, J. Med. Chem., 1993, 36, 4015), in DMF (20 
mL) was added all at once t-butyldimethylsilyl chloride 
(4.52 g), then imidazole (4.1 g), and the resulting mixture 
stirred at room temperature for 24 hours. The mixture was 
diluted with water (300 mL) then extracted with pentane 

50 (3x100 mL). The pentane phase was washed with water, 
dried (Na 2 S0 4 ), and the solvent evaporated to give a col- 
orless oil (9.5 g). The NMR (CDC1 3 ) was consistent with 
this being a mixture of diastereomers. This ester (4.1 g) was 
converted to the corresponding acid chloride by the method 

55 of N. P. Peete, et al.,J. Org. Chem., 1978, 43, 3972. This acid 
chloride was condensed with 155b (4.4 g) as described 
above to give after silica gel chromatography (4:1 hexane/ 
acetone) the desired 156c as a mixture of diastereomers. 
To a stirred solution of 156c (4.5 g) in methanol (35 mL) 

60 was added cone. HC1 (1.5 mL). The resulting mixture was 
stirred at room temperature for 30 minutes, diluted with 
water (200 mL), then extracted with CH 2 C1 2 (2x100 mL). 
The organic phase was dried (MgS0 4 ), and the solvent 
evaporated. The residue was purified via silica gel chroma- 

65 tography (7:3 hexane/acetone) to give 156d as a pale yellow 
gum (2.8 g). The NMR (CDC1 3 ) showed it to be a mixture 
of diastereomers. 
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156a-d were converted to the corresponding deprotected 
heterocyclic aromatic amides by hydrogenation in the pres- 
ence of Pd/C as described earlier. 



Scheme 43 5 
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PREPARATION OF INTERMEDIATE 158. 

Synthesis of this intermediate is shown in Scheme 43. 
Amide 157 was prepared from (±)-trans-l -Hydro xy-2- 
aminocyclopentane hydrobromide (7.09 g, 38.9 mmol) and 
3-benzyloxy-6-bromo-4-methoxypyridin-2- 
carbonylchloride (3) (13.8 g, 38.9 mmol) in CH 2 C1 2 (150 
mL), following general coupling procedure B, and purified 
by flash chromatography using 1:1 hexanes-EtOAc as elu- 
ent. This gave 157 (13.4 g) as a white solid, m.p. 56-57° C. 

Dimethylsufoxide (7.4 mL, 104.1 mmol) was added 
slowly to a -78° C. solution of oxalyl chloride (4.54 mL, 
52.08 mmol) in CHfi]^ (100 mL), followed by a solution of 
amide 157 (10.46 g, 24.8 mmol) in CH 2 C1 2 (25 mL). After 
30 min, EtgN was added and the solution slowly warmed to 
room temperature. The mixture was poured into satd. NH 4 C1 
(100 mL) and extracted with CH^ (2x100 mL). The 
combined organic layers were washed with brine, dried and 
the solvent evaporated. The residue was purified via column 
chromatography, using 1:1 EtOAc-hexane as the eluent, to 
give the ketone 158 (9.64 g, 941), pure by GC/MS and 
2 H-NMR. 

Both 157 and 158 were converted to the corresponding 
deprotected heterocyclic aromatic amides by hydrogenation 
in the presence of Pd/C as described earlier. 
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PREPARATION OF INTERMEDIATES 160a-Ki. 

These intermediates were prepared as depicted in Scheme 
44. Coupling of serinol with 3-benzyloxy-6-bromo-4- 
methoxypicolinic acid (16) following general coupling pro- 
cedure C, afforded 1,3-diol 159 as a colorless oil, pure by 
3 H, 13 C-NMR and IR spectra. 

1,3-diol 159 (1 mmol) was condensed with the appropri- 
ate carbonyl compound (2 mmol) or the corresponding 
dimethyl acetal (2 mmol) by refluxing in benzene (20 
mL/mmol) in the presence of a catalytic amount of 
p-toluenesulfonic acid (0.1 mmol) in a Dean-Stark setup. 

Thus, condensation of 159 and 1,3,3-trimethoxypropane 
gave the acetal 160a as a 2:1 mixture of syn and anti 
diastereomers. Mass spectrum (ES) indicated [M+] at (m/e) 
495 and 497. *H-, 33 C-NMR and IR spectra were consistent 
with the structure 160a. 

Condensation of 159 and 2-methyl-3-(4-tert-butyl) 
phcnylpropanone gave the acetal 160b as a 3:1 mixture of 
syn and anti diastereomers. Mass spectrum (ES) indicated 
[M±] at (m/e) 597. 1 H, 13 C-NMR and IR spectra were 
consistent with the structure 160b. 

Condensation of 159 and dihydro-p-ionone gave the 
acetal 160c as a 2:1 mixture of syn and anti diastereomers. 
Mass spectrum (EI) indicated [M+] at (m/e) 587. *H, 13 C- 
NMR and IR spectra were consistent with the structure 160c. 

Condensation of 159 and 3,3,5,5- 
tetramethylcyclohexanone gave the acetal 160d, consistent 
by 1 H, 13 C-NMR and IR spectra. 

Intermediates 160a-d were converted to the correspond- 
ing deprotected heterocyclic aromatic amides by hydroge- 
nation in the presence of Pd/C as described earlier. 
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PREPARATION OF COMPOUNDS 280 AND 281. 

Scheme 45 describes the preparation of these compounds. 
Thus, 2,3,6,6-tetramethyl-2-cycloheptenylamine was first 
coupled to 2-hydroxy-3-methoxy-2-picolinic acid using 
standard coupling procedure C, to give intermediate 161. 
Dichlorination of compound 161 according to the procedure 
of Tetrahedron Lett. 1991,32, 1831-1834, afforded the 
dichloro derivative 281. Standard m-CPBA oxidation of 161 
in CH 2 C1 2 led to the N-oxide-containing epoxy analog 162, 
which upon treatment with H 2 (45 psi) and 10% Pd/C under 
standard catalytic hydrogenation conditions formed com- 
pound 280. 



15 



20 



25 



Scheme 46 




Scheme 45 




280 

Key: i. EDAC, HOAt, DMAP, DMF, 6h; ii. KMn0 4 BnCEl 3 )NCl, (COO)* iii. m-CPBA, CH2CI2; iv. H2; Pd/C 
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PREPARATION OF trans~4-HYDROXY-3,3,5,5- 
TETRAMETHYLPICOLINAMIDE (264). 

This compound was prepared as shown in Scheme 46. To 
a stirred solution of keto-picolinamide 266 (56 mg, 0.18 
mmol) in 2 mL of methanol was added sodium borohydride 
(20 mg, 0.53 mmol). The reaction was stirred for 5 hours and 
the methanol evaporated. The crude material was diluted 
with 5 mL water and extracted with EtOAc (3x5 mL). The 
organic layer was washed with water (1x5 mL) and brine 
(1x5 mL). The solution was dried over MgS0 4 , filtered and 
concentrated. NMR and GC anaylses were consistent with 
the title compound 264 with trans stereochemistry in 95% 
purity. 
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a Parr apparatus under 50 psi of hydrogen pressure for 12 
hours. The solution was then filtered and concentrated. The 
residue was then dissolved in a minimal amount of ether and 
petroleum ether was added until a precipitate formed. The 
5 solid was collected by filtration and dried to give the title 
compound 341. 

PREPARATION OF N-(3-HYDROXY-4-METHOXY-2- 
PYRIDYLCARBONYL)-2-AMINO-2-DEOXY-alpha-D- 
10 GLUCOPYRANOSE (334). 




HO OMe 



1,3,4, 6-Tetra-0-acetyl-2-amino-2-deoxy-alpha-D- 
glucopyranose (151) and 3-hydroxy-4-methoxypicolinic 
25 acid were coupled together using standard coupling proce- 
dure C. To a solution of the resulting picolinamide (0.19 g, 
0.38 mmol) in 6 mL of methanol was added lithium hydrox- 



Scheme 47 



PhCH 2 0, 




PREPARATION OF COMPOUND 341. ide monohydrate (0.92 mmol, 40 mg). The reaction mixture 

Preparation of this compound is depicted in Scheme 47. was stirred at room temperature overnight. The solution was 

The benzyl ester precursor 139 (Scheme 38) (33 mg, 0.046 65 neutralized by the addition of DOWEX® 5x8-100 acidic 

mmol) was dissolved in 10 mL of EtOAc and 110 mg of resin (0.5 g). The mixture was filtered and concentrated to 

Pearlman's catalyst was added. The mixture was shaken in afford the title compound (110 mg, 88%). 
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Scheme 48 



H 2 N" 




Ph 

OMe r 



165 




166a: R = c-Pr 
166b: R = i-PrNH 
166c: R = i-PrO 



35 



GENERAL PREPARATION OF EXOCYCLIC ESTER 
166a, CARBAMATE 166b, AND CARBONATE 166c. 

These compounds were generally prepared as depicted in 
Scheme 48, starting with amine 164, prepared according to 
the procedures of M. Shimano, et al., Tetrahedron, 1998, 54, 
12745. This amine was coupled with 3-benzyloxy-6-bromo- 
4-methoxypicolinic acid 16 following standard coupling 
procedure C described earlier, then the resulting intermedi- 
ate 165 was reacted with the appropriate carboxylic acid 
chloride, alkyl isocyanate, or alkyl chloroformate in the 
presence of base to afford the desired protected ester 166a, 
carbamate 166b, or carbonates 166c, respectively. Depro- 
tection of these compounds following the procedures 
described earlier using H 2 in the presence of Pd/C afforded 
the desired ester, carbamate, or carbonate. The above steps 
were used to prepare other analogous esters, carbamates, and 
carbonates. 

PREPARATION OF 166a. 

To a stirred solution of 165 (180 mg, 0.29 mmol) in 
pyridine (10 mL) was added slowly cyclopropanecarbonyl 
chloride (0.45 mL, 5 mmol) over 5 minutes. The mixture 
was allowed to stir under a N 2 atmosphere at room tem- 
perature overnight. The resulting mixture was poured into 
IN HC1 (30 mL) and extracted with EtOAc (2x75 mL). The 
organic layers were combined and washed with water (25 
mL) then saturated NaCl (25 mL), dried over MgS0 4 , and 
concentrated to give an orange oil. The crude oil was 
chromatographed on silica gel using a 30% to 50% EtOAc 
in hexane gradient as eluent to give the title compound 166a 
(100 mg) as a clear oil. 



PREPARATION OF 166b. 

To a stirred solution of 165 (200 mg, 0.33 mmol) in 
40 CH 2 C1 2 (5 mL) was added triethylamine (2 drops), DMAP 
(1 mg), and isopropyl isocyanate (0.2 mL, 2 mmol). The 
resulting mixture was stirred under a nitrogen atmosphere at 
room temperature overnight. The reaction mixture was 
poured into IN HC1 (25 mL) and extracted with EtOAc 
45 (2x50 mL). The organic layers were combined and washed 
with water then saturated NaCl, dried over MgS0 4 , and 
concentrated to give a pink foam. The crude foam was 
chromatographed on silica gel using a 30% to 50% EtOAc 
50 in hexane gradient as eluent to give the title compound 166b 
(90 mg) as a white solid. 

PREPARATION OF 166c. 

55 A stirred solution of 165 (180 mg, 0.29 mmol) in pyridine 
(5 mL) and CH 2 C1 2 (5 mL) was cooled to 0° C in an ice bath 
under a nitrogen atmosphere. Isopropyl chloroformate (1M 
in toluene, 5 mL) was slowly added to the cooled mixture 

6Q over 1 minute. The ice bath was removed and the mixture 
was stirred at room temperature overnight. The reaction 
mixture was partitioned between IN HC1 (25 mL) and 
EtOAc (75 mL). The organic layer was washed with water 
then saturated NaCl, dried over MgS0 4 , and concentrated to 

65 give a clear oil. The crude oil was chromatographed on silica 
gel using a 30% to 50% EtOAc in hexane gradient as eluent 
to give the title compound 166c (80 mg) as a clear oil. 
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PREPARATION OF INTERMEDIATES 167 AND 168. 

The diastereomeric mixture of amines 53 obtained as 
described earlier (Scheme 9) was coupled with acid chloride 
3 via the general coupling procedure A previously described 
(Scheme 49), to give a mixture of diastereomers 167 and 
168. These were separated by careful silica gel chromatog- 
raphy (85:15 hexane/acetone) to give pure 167 and 168 each 



Scheme 50 




720 ° 722 



25 in about 35% yield. These were deprotected with H 2 in the 
presence of Pd/C as described earlier. 
GENERAL PROCEDURES FOR CONVERSION OF THE 
HETEROCYCLIC AROMATIC AMIDES (2) TO O-ACYL 
HETEROCYCLIC AROMATIC AMIDES (2Y: M=ACYL), 

30 O-SILYL HETEROCYCLIC AROMATIC AMIDES (2Y: 
M=SILYL) AND O-SULFONYL HETEROCYCLIC ARO- 
MATIC AMIDES (2Y: M-SULFONYL) 
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PREPARATION OF 0-(3,3-DIMETHYL)BUTANOYL 
COMPOUND 610. 

Preparation of this compound is depicted in Scheme 50, 
starting from compound 169 (prepared according to the 
procedure of M. Shimano, et al., Tetrahedron 1998, 54, 5 
12745). Thus, a stirred solution of compound 169 (100 mg, 
0.19 mmol) and DMAP (5 mg, 0.04 mmol) in anhydrous 
pyridine (5 mL) was treated with 3,3-dimethylbutanoyl 
chloride, and the mixture was stirred at ambient temperature 
for 5.5 hours. Then it was treated with water (15 mL) and 30 
extracted with EtOAc (20 mL). The organic extract was 
washed successively with water and satd. aqueous NaHC0 3 , 
dried (Na 2 S0 4 ), filtered and concentrated. Chromatography 
on silica gel preparative plates (2 mm thickness), eluting 
with ether, afforded the title compound as an off-white solid, 15 
m.p. 151-152° C. The a H-NMR and MS data were consis- 
tent with the assigned structure. 

Other O-acyl heterocyclic aromatic amides were prepared 
by variations on the above procedure. Such variations 
included, for example, purification of products by other 20 
techniques well known by those skilled in the art, such as 
column chromatography or recrystallization. 
PREPARATION OF O-tert-BUTYLDIMETHYLSILYL 
COMPOUND 720. 

Preparation of this compound is depicted in Scheme 50. 25 
Thus, a stirred solution of compound 169 (100 mg, 0.19 
mmol) and N-methylmorpholine (0.13 mL, 1.18 mmol) in 
anhydrous DMF (2 mL) was treated with tert- 
butyldimethylsilyl chloride (57 mg, 0.38 mmol), and the 
mixture was stirred at ambient temperature for 1 day. The 30 
resulting mixture was partitioned between water (10 mL) 
and EtOAc (15 mL), and the organic phase was washed 
successively with satd. aqueous NaHC0 3 and brine, dried 
(Na2S0 4 ), filtered and concentrated. The residue was chro- 
matographed on a column of flash-grade silica gel, eluting 35 
with ether, to afford 74 mg of the title compound as a clear 
grease. The 1 H-NMR spectrum was consistent with the 
assigned structure. 

PREPARATION OF O-p-TOLUENESULFONYL COM- 
POUND 722. 40 

Preparation of this compound is depicted in Scheme 50. 
Thus, p-toluenesulfonyl chloride (90 mg, 0.466 mmol) was 
added to a stirred suspension of compound 169 (200 mg, 
0.388 mmol) and potassium carbonate (65 mg, 0.466 mmol) 
in anhydrous acetone (3 mL). After stirring at ambient 45 
temperature for 12 hours, the mixture was diluted with 
EtOAc (25 mL) and washed with H 2 0 (2x10 mL). The 
organic phase was dried (MgS0 4 ), filtered, and concentrated 
in vacuo. The residue was purified by flash column 
chromatography, eluting with hexanes-EtOAc (1:1), to pro- 50 
vide 197 mg of a white solid, m.p. 153-155 Q C, whose 
a H-NMR spectrum was consistent with the desired title 
compound. 

Table I illustrates additional compounds of Formula I 
made from appropriate starting materials by the above 55 
described procedures. ^-NMR spectral data for all of these 
compounds were consistent with the assigned structures. 

FUNGICIDE UTILITY 

The compounds of the present invention have been found 60 
to control fungi, particularly plant pathogens and wood 
decaying fungi. When employed in the treatment of plant 
fungal diseases, the compounds are applied to the plants in 
a disease inhibiting and phytologically acceptable amount. 
Application may be performed before and/or after the infec- 65 
tion with fungi on plants. Application may also be made 
through treatment of seeds of plants, soil where plants grow, 



paddy fields for seedlings, or water for perfusion. Other 
application may be made via wood treatment to control the 
destruction of wood and/or wood products. 

As used herein, the term "disease inhibiting and phyto- 
logically acceptable amount", refers to an amount of a 
compound of the present invention which kills or inhibits the 
plant pathogen and prevents, eradicates, or arrests plant 
disease for which control is desired, but is not significantly 
toxic to the plant. This amount will generally be from about 
1 to 1000 ppm, with 10 to 500 ppm being preferred. The 
exact concentration of compound required varies with the 
fungal disease to be controlled, the type of formulation 
employed, the method of application, the particular plant 
species, climate conditions, and other factors. A suitable 
application rate is typically in the range from about 50 to 
about 1000 grams per hectare (g/Ha). 

The compounds of the invention may also be used to 
protect stored grain and other non-plant loci from fungal 
infestation. 

The following experiments were performed in the labo- 
ratory to determine the fungicidal efficacy of the compounds 
of the invention. 

Biological Evaluation of Inhibition of in vitro Fungal 
Growth. 

Culture Conditions: Suspensions of fungal conidia or 
mycelial fragments are prepared in sterile potato dextrose 
broth (Difco) for Magnaporthe grisea {Pyricularia oryzae — 
PYRIOR), Rhizoctonia solani (RHIZSO), Mycosphaerella 
graminicola (Septoria tritici — SEPTTR), Stagonospora 
nodorum (Leptosphaeria nodorum — LEPTNO), Ustilago 
maydis (USTIMA), and in rye seed broth for Phytophthora 
infestans (PHYTIN). The suspensions are pipetted into 
sterile 96 well microtiter plates containing samples of the 
experimental fungicides dissolved in dimethylsulf oxide. The 
concentration of the fungicide varies from 0.001 to 100 ppm 
with the final solvent concentration not exceeding 1% of the 
medium. The fungi are allowed to grow for various time 
intervals at 24 to 30° C. until the wells become turbid from 
the growth of the fungi in control wells containing only the 
solvent. At that time growth inhibition is determined by 
visual inspection of each well and the percent inhibition of 
growth as compared to the solvent treated controls is deter- 
mined. 

In Table II, a indicates that the test material gave at 
least 80% growth inhibition and a indicates less than 
80% growth inhibition of the designated pathogen when 
incorporated into the growth medium at a concentration of 
25 ppm. A blank space indicates not tested. 
Biological Evaluation of Control of in vivo Whole Plant 
Fungal Infection. 

Compound formulation was accomplished by dissolving 
technical materials in acetone, with serial dilutions then 
made in acetone to obtain desired concentrations. Final 
treatment volumes were obtained by adding 9 volumes 
0.05% aqueous Tween-20 or 0.01% Triton X-100, depend- 
ing upon the pathogen. 

Downy Mildew of Grate (Plasmopara viticola — 
PLASVI) (24 Hour Protectant): Vines (cultivar Carignane) 
were grown from seed in a soilless peat-based potting 
mixture ("Metromix") until the seedlings were 10-20 cm 
taU. These plants were then sprayed to run-off with the test 
compound at a rate of 100 ppm. After 24 hours the test plants 
were inoculated by spraying with an aqueous sporangia 
suspension of Plasmopara viticola, and kept in a dew 
chamber overnight. The plants were then transferred to the 
greenhouse until disease developed on the untreated control 
plants. 
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Late Blight of Tomato {Phytophthora infestans — 
PHYTIN) (24 Hour Protectant): Tomatoes (cultivar Rutgers) 
were grown from seed in a soilless peat-based potting 
mixture ("Metromix") until the seedlings were 10-20 cm 
tall. These plants were then sprayed to run-off with the test 
compound at a rate of 100 ppm. After 24 hours the test plants 
were inoculated by spraying with an aqueous sporangia 
suspension of Phytophthora infestans, and kept in a dew 
chamber overnight. The plants were then transferred to the 
greenhouse until disease developed on the untreated control 
plants. 

Brown Rust of Wheat (Puccinia recondita — PUCCRT) 
(24 Hour Protectant): Wheat (cultivar Yuma) was grown in 
a soilless peat-based potting mixture ("Metromix") until the 
seedlings were 10-20 cm tall. These plants were then 
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Leaf Blotch of Wheat (SeDtoria tritici—SEPTTR) (24 
Hour Protectant): Wheat (cultivar Yuma) was grown in a 
soilless peat-based potting mixture ("Metromix") until the 
seedlings were 10-20 cm tall. These plants were then 
sprayed to run-off with the test compound at a rate of 100 
ppm. After 24 hours the test plants were inoculated by 
spraying with an aqueous spore suspension of Septoria 
tritici, and kept in a dew chamber overnight. The plants were 
then transferred to the greenhouse until disease developed 
on the untreated control plants. 

Glume Blotch of Wheat (Leptosphaeria nodorum — 
LEPTNO) (24 Hour Protectant): Wheat (cultivar Yuma) was 
grown in a soilless peat-based potting mixture ("Metromix") 



sprayed to run-off with the test compound at a rate of 100 1S until the see diiug S were 10-20 cm tall. These plants were 



ppm. After 24 hours the test plants were inoculated by 
spraying with an aqueous spore suspension of Puccinia 
recondita, and kept in a dew chamber overnight. The plants 
were then transferred to the greenhouse until disease devel- 
oped on the untreated control plants. 

Powdery Mildew of Wheat (Erysiphe graminis — 
ERYSGT) (24 Hour Protectant): Wheat (cultivar Monon) 
was grown in a soilless peat-based potting mixture 
("Metromix") until the seedlings were 10-20 cm tall. These 
plants were then sprayed to run-off with the test compound 
at a rate of 100 ppm. After 24 hours the test plants were 
inoculated by dusting with conidia from powdery mildew 
infected wheat plants. The plants were then transferred to the 
greenhouse until disease developed on the untreated control 
plants. 



20 



25 



then sprayed to run-off with the test compound at a rate of 
100 ppm. After 24 hours the test plants were inoculated by 
spraying with an aqueous spore suspension of Lep- 
tosphaeria nodorum, and kept in a dew chamber overnight. 
The plants were then transferred to the greenhouse until 
disease developed on the untreated control plants. 

In Table II, a "++" indicates that the test material gave at 
least 75-100% control of fungal infection when compared to 
disease incidence on untreated plants, a "+" indicates that 
the test material gave 25-74% control of fungal infection, 
and a "-" indicates <25% control of fungal infection of the 
designated pathogen at a concentration of 100 ppm. A blank 
space indicates not tested. 
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Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



202 



203 



204 



.OH 



Yellow oil 



264 




Pale yellow oil 234 



Pale yellow solid 



63-64 



White solid 



302 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



205 ^ ^OH 





White solid 290 



206 



„OH 




Oily white solid 272 



207 



-OH 




Yellow oil 286 



208 




Colorless thin needles 



112-115 



209 ^OH 



210 



211 




Colo less crystals 



123-126 



Colorless crystals 



Colorless crystals 



139-142 



154-157 



212 .OH 




White solid 



131-132 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



213 



214 



215 



216 



217 




Tan solid 



248, 250 



Yellow solid 



282 



Orange-white solid 242 



Off-white solid 



Tan solid 



127-129 



131-133 



218 



Off-white solid 



97-99 



OH 





CI 



219 



Off-white solid 



65-67 



.OH 




220 



Off-white solid 



95-97 



89 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



221 





a 



CI 



White solid 



100-101 



222 



223 




Pale yellow oil 242 



White solid 



83-84 



224 




White solid 



75-76 



225 




OMe 



White solid 



41^3 



226 



227 



228 




•OMe 



OMe 



White solid 



96-97 



White solid 



White solid 



78-79 



106-109 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° G) 



229 



230 



231 




White solid 



Yellow oil 



89-91 



Orange oil 292 



232 



Orange oil 292 



OH 





233 



Off-white solid 276, 278 



OH 





CI 



234 



Yellow oil 270 





235 



Brown solid 221 




O N 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



236 





Colorless crystals 



42-*5 



237 



Colorless solid 



122-134 




238 



Colorless needles 



105-107 





239 



OMe 





'CI 



Off-white auffy crystals 254, 256 



240 




Yellow fluffy crystals 282 



241 



Tan solid 304 
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TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



242 QMe 



243 QMe 



246 



247 



248 




244 QMe 




245 QMe 



OMe 



OMe 



OMe 




CF 3 



o o- 



6^7 7 





,ci 




Gold syrup 304 



Brown powder 287 



Yellow gum 436 



Colorless oil 



Off-white solid 



Pale yellow solid 340 



140-142 



Yellow oil M + 1 253 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



249 



OMe 




Thick yellow oil 250 



250 



OMe 




Off-white solid 



104-106 



251 



OMe 



Amber oil 



252 




Yellow gel 



253 



OMe 



254 




Clear get 



Yellow gel 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



255 



OMe 





White powder 340 



256 



White solid 



OMe 





CF 3 



257 



on 



433 






CI 



258 



Gum 



M + 1345 




259 



Gum 



M + 1 341 




260 



White solid 396 147-149 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



261 



262 



263 




Pale yellow oil M + 1 421 



White solid M + 1 454 59-60 



Off-white foam M + 1 454 



264 



OMe 





'"OH 



White solid 322 



265 




Yellow oil 




Me 



266 




White solid 362 




267 OMe 



White foam 





XX 
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Compound 
Number Molecular Structure 



TABLE I-continued 



Molecular Melting 
Appearance Ion (M) Point (° C.) 



268 



OMe 






White solid 426 175-200 



269 



OMe 




White solid 461 55-65 



270 



OMe 




°-0^ cF3 



Off-white solid 



168-172 
(Dec) 



271 



OMe 




Off-white solid 



181-183 
(Dec) 



272 



OMe 





CF 3 



Off-white solid 535 



273 




White solid 297 113-115 



105 



US 6,355,660 Bl 



106 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



274 



OMe 





'CF 3 



White solid 427 



275 





Yellow gel 358 



276 



Colorless gel 438 




277 



Gum 



306 



OMe 





278 



OMe 





Pale yellow oil 302 



279 



Gum 



318 




107 



US 6,355,660 Bl 

TABLE I-continued 



Compound 
Number Molecular Structure 



280 QMe 




Molecular Melting 
Appearance Ion (M) Point (° C) 



White foam 334 



White foam M - 1 388 



Pale yellow oil 278 



Clear oil 



Solid 122-128 



285 



Tan solid 



174-179 



109 



US 6,355,660 Bl 



110 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



286 



287 



OMe 



Thick colorless oil 384 




White solid 262 



288 



OMe 





Pale yellow solid 304 



289 



OMe 




Pale yellow gum 384 



290 



OMe 




White solid 310 



291 OMe 



Dark brown oil 316 





US 6,355,660 Bl 



111 



112 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



292 



OMe 





Pasty yellow solid 344 



293 



White solid 



294 



295 




Yellow gum 450 



Colorless gum 450 



143-160 
(Dec) 



296 



297 



OMe 



Colorless gum 450 




Yellow gum 450 



113 



US 6,355,660 Bl 

TABLE I-continued 



114 




302 



)Me 



White solid 



304 



US 6,355,660 Bl 
115 116 

TABLE I-continued 

Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C) 




145-147 



150-152 



168-170 



117 



US 6,355,660 Bl 

TABLE I-continued 



118 




314 



OMc 



light brown gum 



296 



US 6 ? 355 ? 660 Bl 



119 



120 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



315 OMe 




White solid 379 



316 




White solid M + 1 429 



317 



428 




318 



Gum 



415 




319 



OMe 




White solid 416 139-140 



320 



OMe 




White solid 



108.5-109.5 



US 6,355,660 Bl 



121 



122 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



321 



OMe 





Yellow glass 412 



322 




Yellow sticky solid 400 



323 



OMe 




Yellow sticky solid 394 



324 



OMe 




White solid 345 141-143 



325 



OMe 




Glass 



398 



US 6,355,660 Bl 



123 



124 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



326 QMe 



327 



328 



329 



330 




OMe 






OMe 




/ 




O Ph 



O Ph 




/ 



o o. 




OH 




OAc 



O Os^Js^ 

^OAc 



Clear gel 



Clear gel 



Off white solid 



White solid 



White solid 



125 



US 6,355,660 Bl 



TABLE 1-continued 



126 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



332 



OMe 




OMe 




333 OMe 



YY 

Ph 

s yYV pb 



"or "ph 




OAc 

"I 

o o~ 




White solid 



White solid 



White solid 



f OAc 



334 



335 



336 




Yellow solid 




White solid 



White solid 



127 



US 6,355,660 Bl 



TABLE I-continued 



128 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



337 



MeQ OH 



^ N O 



COOH 




OCH 2 Ph 



White solid 



M + 1 423 



338 MeO OH COOMe 

\ / H / 



^ N O 




OCH 2 Ph 



Tan oily solid M + 1 437 



339 



MeO OH COOCH 2 Ph 

\ / H / 



{_h< 

^ m n 




OCH 2 Ph 



White waxy solid M + 1 513 



340 



MeO OH 



OH 



Tacky solid 



270 



341 




Brown oil 



OH 



342 




Clear oil 



COOCH 2 Ph 



-Ph 



OCH^h 



343 



O 

MeO OH OMc 

ChC 1 * 




Ph 



Pale yellow gum M + 1 403 



US 6,355,660 Bl 



129 



130 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



344 




Pale yellow gum M + 1 403 



345 



MeO OH 



-OMe 



Ph 



Amber gum M + 1 417 



346 



Pale yellow oil M + 1 419 



MeQ OH J OMe 




347 



MeO OH \— OMe 




Pinkish gum M + 1 427 



348 




Pinkish gum M + 1 469 



349 



Pale yellow gum M + 1 503 



MeO OH 

^ N O 




131 



US 6,355,660 Bl 

TABLE I-continued 



132 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



DMe 



350 o 

MeO OH J O] 

w 



^ N O 



Ph 



Amber gum M + 1 447 



351 



y 





Pale yellow gum M + 1 445 



352 



MeQ OH 




Amber gum 454 



353 




y 

H ^=0 

\ 0 ff p 




Yellow gum 516 



Ph 



354 




Yellow gum M + 1 499 



US 6,355,660 Bl 
133 134 

TABLE I-continued 



Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 




(Either S,S or S,R diastereomer) 



359 




Pale yellow gum 516 



(Either S,S or S,R diastereomer) 



135 



US 6,355,660 Bl 

TABLE I-continued 



136 



Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 




O 



137 



US 6,355,660 Bl 

TABLE I-continued 



138 




370 oMc 



Yellow oil 



M + l 387 



US 6,355,660 Bl 



139 



140 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



371 OMe 




Yellow oil 



I + 1 373 



372 QMe 




Ok 




Yellow oil 



373 



OMe 




Yellow oil 



374 QMe 




.COOH 




Ph 



Yellow oil M + 1 423 



375 




White solid 400 



376 





kxxt 



Pale yellow solid 473 190-192 



US 6,355,660 Bl 



141 



142 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



OMe 




White solid M + 1 379 234-235 



378 



OMe 






Solid 



338 



379 




Pale yellow solid 439 118-121 





380 





X 



White solid 406 107-108 



381 



382 



OMe 



White solid 




White solid 



US 6,355,660 Bl 
143 144 

TABLE I-continued 

Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C) 




172-174 



194-196 



212-214 



145 



US 6,355,660 Bl 

TABLE I-continued 



146 




147 



US 6,355,660 Bl 

TABLE I-continued 



148 



Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 




US 6 ? 355 ? 660 Bl 



149 



150 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



402 



403 



404 



405 






rTuX 




Off-white solid 



White solid 



White solid 



182-184 



194-195 



126-127 



Pale yellow solid 416 



406 



OMe 




Off-white solid 416 



151 



US 6,355,660 Bl 

TABLE I-continued 



152 




153 



US 6,355,660 Bl 



154 



TABLE I-continued 



Compound 
Number Molecular Structure 



Molecular Melting 
Appearance Ion (M) Point (° C) 



412 



OMe 






Off-white solid 350 



413 



OMe 





Off-white solid 350 



414 




Off-white solid 350 



415 




Off-white solid 350 



416 OMe 





Off-white solid 350 



417 




Off-white solid 350 



US 6,355,660 Bl 



155 



156 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



418 



419 




Off-white solid 351 



Off-white solid 361 



420 



OMe 




Off-white solid 361 



421 OMe 





'CN 



Off-white solid 361 



422 





Off-white solid 361 



423 





CF 3 



Pale yellow solid 404 



157 



US 6,355,660 Bl 

TABLE I-continued 



158 




159 



US 6,355,660 Bl 

TABLE I-continued 



160 




435 



)Me 



Off-white solid 366 



US 6 ? 355 ? 660 Bl 



161 



162 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point ( 6 C.) 



436 



OMe 



437 




White solid 



109-110.5 



Off-white solid 370, 372 



438 



OMe 






Off-white solid 370, 372 



439 OMe 




Off-white solid 370, 372 



440 OMe 




Off-white solid 370, 372 



441 OMe 




Off-white solid 370, 372 



163 



US 6,355,660 Bl 



164 



TABLE I-continued 



Compound 
Number Molecular Structure . 



442 QMe 





CI 



Molecular Melting 
Appearance Ion (M) Point (° C) 



Off-white solid 370, 372 



443 QMe 





CI 



Off-white solid 370, 372 



444 QMe 





White solid 



133-134 



445 OMe 





Yellow solid 



167-169 



446 



OMe 





F 3 



White solid 420 



447 QMe 





White solid 418 



165 



US 6,355,660 Bl 



166 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



448 QMe 






CF 3 



White solid 418 



449 




Off-white solid 431 



450 




White solid 



>260 




451 




Off-white solid M + 1 433 196 (Dec) 



452 



Off-white solid 432 




167 



US 6,355,660 Bl 



168 



TABLE I-oontinued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° G) 



453 QMe 






CF 3 



Yellow solid 



240-242 



454 



Off-white solid 



240-242 



OMe 




455 



White solid 358 




456 



White solid 392 




457 



Off-white solid 460 



OMe 



169 



US 6,355,660 Bl 

TABLE I-contimied 



170 




463 



White solid 



140-141.5 



171 



US 6,355,660 Bl 

TABLE I-continued 



172 




469 



)Me 



White solid 



149-151 



US 6,355,660 Bl 
173 174 

TABLE I-continued 

Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 

470 OMe White 8011(1 173-175 




193-195 



107-110 



168-172 



175 



US 6,355,660 Bl 

TABLE I-continued 



176 




481 



Glass 



514 



177 



US 6,355,660 Bl 

TABLE I-continued 



178 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



482 




White solid 



336, 338 



483 




Solid 



124-126 




140-142 



111-113 



487 




White solid 



106-107 



White solid 



388, 390 



Yellow gum 



390, 392 



US 6,355,660 Bl 



179 



180 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



490 




OPh 



light-yellow Oil 412, 414 



491 



Br' 




OH 



O Ph 



Ph 



Yellow gum 396, 398 



492 




White solid 452, 454 



493 




White solid 452, 454 



494 




White solid 452, 454 



495 



Br' 



.OH 





.CF 3 



Orange gum 452, 454 



Br 



.OH 





CF 3 



White solid 452, 454 



181 



US 6,355,660 Bl 

TABLE I-continued 



182 




183 



US 6,355,660 Bl 



184 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



504 




Grey solid 



70-78 



505 




Dark tar 



506 




Dark tar 



507 




508 




Dark tar 



Dark tar 



272 



509 




510 



511 



512 





.CF 3 




OCF 3 




.OPh 



Dark tar 276, 278 



Dark tar 



Dark tar 



Dark tar 



310 



326 



US 6,355,660 Bl 



185 



186 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



513 



o 




Ian glass 485 



514 



N OH 



White solid 



180-181 



515 



516 



517 



518 




5 19 .NL ^OH 



Light-tan solid 



Off-white crystals 



White crystals 



White solid 



Tannish- white solid 



190-192 



193-194 



229-230 



219-221 



190-192 



O Ph 



520 



^OH ^Ph 





Light-yellow needles 



234-235 



US 6,355,660 Bl 



187 



188 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



521 





Ph 



Light- tan crystals 



200-201 



522 



^OH 




OX 



,ph 



White crystals 



223-224 



524 




Colorless needles 



307-308 



525 




Colorless crystals 



247-250 



526 




Grey solid 



320-327 



527 




Grey solid 



120-130 



528 




Colorless needles 



286-288 



US 6,355,660 Bl 
189 190 

TABLE I-continued 

°° m P° und Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point f C) 




329-331 



103-108 



233 (Dec) 



248-250 
(Dec) 



239-243 
(Dec) 



193 



US 6,355,660 Bl 

TABLE I-continued 



194 




195 



US 6,355,660 Bl 



TABLE I-continued 



196 



Compound 
Number Molecular Structure 



Appearance 



. Molecular Melting 
Ion (M) Point (° C) 



550 




Colorless glass M + 1 491 



551 



„OH 




Yellow solid 380 



552 



553 



554 



555 



556 




Yellow solid 



Tan crystals 



White solid 



96-102 



Glassy solid M + 1 492 



170-174 



Brown gum 379 



195 (Dec) 



197 



US 6,355,660 Bl 



TABLE I-continued 



198 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



557 





White solid 



205-208 



558 




White solid 



199-205 



559 



Ph N 



White solid 



215-217 



560 




Light brown solid 



186-188 



561 



562 



563 




Brown glassy solid 



115-117 



Off-white solid 



Yellow solid 



163-165 



>300 



199 



US 6,355,660 Bl 

TABLE I-continued 



200 




US 6,355,660 Bl 
201 202 

TABLE I-contimied 

Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C) 



569 OMe Thick grease 




163-166 



203 



US 6,355,660 Bl 



204 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° G) 



574 



575 



576 



577 




White solid 



White solid 362 



White solid 



White solid 



578 



MeQ O 




White foam 360 



205 



US 6,355,660 Bl 



TABLE I-continued 



206 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



579 



MeQ O 




580 




581 




COOMe 



582 




583 



OMe 

COOMe 



MeO O 

^=N N ( 




Pale yellow gum 344 



Clear gel 



Pale yellow gum M + 1 445 



Pale yellow gum M + 1 477 



Pale yellow gum M + 1 445 



COOMe 



207 



US 6,355,660 Bl 



TABLE 1-continued 



208 



Compound 
Number Molecular Structure 



Molecular Melting 
Appearance Ion (M) Point (° C) 



584 



0=J OMe 



COOMe 



585 



MeQ 




COOMe 



586 



587 



MeO O 

-< 

MeO O 

Cm 





COOMe 



H 




COOMe 



588 




Pale yellow gum M + 1 477 



Pale yellow oil M + 1 461 



Pinkish gum M + 1 469 



Pale yellow gum M + 1 545 



Pale yellow gum M + 1 487 



209 



US 6,355,660 Bl 

TABLE I -continued 



210 




US 6,355,660 Bl 



211 



212 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



593 




594 



MeQ O 




595 



596 



MeQ O 

W 

o 

MeO O 



\=N N C 




598 



MeQ O 




White solid 470 



White solid 470 



White solid M - 1 377 163-164 C. 



Off-white solid 



White solid M + 1 571 171-172 



213 



US 6,355,660 Bl 

TABLE I-continued 



214 




215 



US 6,355,660 Bl 

TABLE I-continued 



216 




217 



US 6,355,660 Bl 

TABLE I-continued 



218 



Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 



607 Sticky light-yellow solid M + 1 597 




151-152 



O 



US 6,355,660 Bl 



219 



220 



TABLE I-continued 



Compound 
Number Molecular Structure 



611 




612 




\= N nh»-< 



613 




\=N Ni 



614 



MeQ O 




Appearance 



Molecular Melting 
Ion (M) Point ( p C) 



White sticky solid 



White sticky solid 



White sticky solid/wax M + 1 627 



Sticky white solid M + 1 641 



221 



US 6,355,660 Bl 



TABLE I-continued 



222 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



615 




616 




^=N NM < 



White solid M + 1 639 



White solid M + 1 655 



Clear oil 



M + 1 655 




618 




Clear oil 



M + 1 683 



US 6,355,660 Bl 

TABLE I-ccratimied 



224 




US 6,355,660 Bl 



225 



226 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



623 



CI CI 




o=< CI 
MeO O 



624 



Brown oil 



M + 1 671 



Orange solid M + 1 651 




625 



White solid 



M + 1 665 




•Br 




p >-V H 



626 



White/orange solid M + 1 691 




H 



i u 1 



II — ph 



229 



US 6,355,660 Bl 

TABLE I-continued 



230 




US 6,355,660 Bl 
233 234 

TABLE I -continued 

Compound ' Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 




Sticky white solid M + 1 687 



Sticky yellow solid M + 1 705 



Sticky white solid M + 1 709 



Sticky yellow solid M + 1 687 



US 6,355,660 Bl 



237 



238 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



648 




MeO O 



649 



CI 




N =N N ( 



^tf ^ Ph 



650 




MeQ O 




9 O. 



s < 




■Ph 



651 




Yellow foamy solid M + 1 633 



Sticky purple solid M + 1 667 



White solid M + 1 647 



Sticky white solid M + 1 645 



239 



US 6,355,660 Bl 

TABLE I-continued 



240 




US 6,355,660 Bl 



241 



242 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



656 



MeQ O 




Yellow solid M + 1 663 



657 



Yellow solid M + 1 731 



CF 3V / 

y^OMe 



658 



DMe 



White solid 



126-128 C. 



MeO O 



659 



Brown oil M + 1 615 




243 



US 6,355,660 Bl 

TABLE I-continued 



244 




US 6,355,660 Bl 



245 



246 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



665 




(Et 




White solid M + 1 643 



667 




Brown oil M + 1 685 



668 




Sticky white solid M + 1 688 



669 




White sticky solid M + 1 655 



US 6,355,660 Bl 
247 248 

TABLE I-continued 

Compound Molecular Melting 

Number Molecular Structure Appearance Ion (M) Point (° C.) 




Yellow sticky solid 



White crystals M + 1 688 



Sticky white solid M + 1 654 



White foamy solid 



US 6,355,660 Bl 



249 



250 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



674 




MeO O 



^ M N i 



675 




\ / \ /^O 




676 



MeO O 



677 




Yellow sticky solid/oil 



Brown oil 



M + l 639 



Sticky white solid M + 1 641 



Sticky yellow solid M + l 768 



US 6,355,660 Bl 



251 



252 



TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



678 



OMe 



McQ O 




679 OEt 
MeO O 



n i U 



N =N Nllii..- 

H 




•Ph 



681 




683 



MeO O 



Cm °; 

^=N Nil f 



H 




Yellow oil M + 1 573 



Clear glass 



Yellow sticky solid M + 1 601 



Clear oil 



M + 1 599 



White solid M + 1 615 



US 6,355,660 Bl 



253 



254 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



684 



MeO 




685 



Orange solid M + 1 613 



Brown solid 



M + 1 611 



\=N giii»-< 



686 





cm y. V 



^jp ^ Ph 



687 




Sticky clear solid M + 1 615 



Yellow oil 



M + 1 629 



255 



US 6,355,660 Bl 



256 



TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



MeO O 

CM " 



N' 




H 




Yellow oil M + 1 643 



689 




Yellow oil M + 1 671 



690 



JL 





White sticky solid M + 1 697 




Brown oil M + 1 621 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



692 




Yellow oil M + 1 667 



693 



Orange solid M + 1 651 




694 



Brown oil M + 1 689 



MeQ O 




pci 3 



P o % 



8 < 




Ph 



695 



White sticky solid M + 1 649 



MeQ p 




9 o x 



N 

H 
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TABLE I-contimied 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



696 




697 



OPh 

Hj \ i j\ 



\= N M 



II Ph 



MeQ 




Yellow solid M + 1 684 



Yellow oil M + 1 635 



Brown oil M + 1 649 



699 



Clear oil M + 1 617 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



704 




Me 



Colorless gum 542 



MeO O 



N ( \ 




Ni ^ 



II Ph 



705 




OMe 



Thick grease 



MeQ O 



\=^=N N 

H 



706 



707 



708 




OMe 



Pale yellow solid 



158-160 



White foam M + 1 488 



White solid M + 1 532 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C.) 



709 




Off-white solid 



165-166 



710 




711 




Yellow glass 462 



Pale yellow solid 



134-136 



712 




\=nt r 




Yellow gum 506 



713 




OMe 



KM 



^6 



White solid 



164-167 
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TABLE I-continued 



Compound 
Number Molecular Structure 



Appearance 



Molecular Melting 
Ion (M) Point (° C) 



719 



MeO O 




720 




721 



White solid 



Grease 



White solid 



124-126 



189-194 



o=s- 



MeO O 



Cm )-Y^ 



722 o 
MeQ O 




CK 1 



723 



T 



,CF 3 




White solid 



Yellow solid 



153-155 



177-180 
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The compounds of this invention are preferably applied in or poly oxy alky lene. Cationic emulsifiers include quaternary 

the lorm of a composition comprising one or more of the ammonium compounds and fatty amine salts. Anionic emul- 

compounds of Formula I with a phytologically-acceptable sifiers include the oil-soluble salts (e.g., calcium) of alky- 

carner. The compositions are either concentrated formula- laryl sulfonic acids, oil-soluble salts of sulphated polyglycol 
tions which are dispersed in water or another liquid for 5 ethers, and appropriate salts of phosphated polyglycol ether 

Z^d^rr^tS^ f T Ulati ° nS ^ ™ Representative organic liquids which can be employed in 

n^n^S ^ treatment. The compositions are preparmg me emulsifiable concentrates of the present Len- 

to?%S££ZS i™£?trr^ C l^ COnventlo f al m , ™ the aromatic ™* as xylene, propyl benzene 

1^ VT ' but which are novel and fractions or mixed na p£ tha i ene fractions, mineral oils sub- 

XltwH^ therein of the compounds stituted aromatic ^ K ids ^ ^ di j ^ 

cJrtoS k *X .n f0 T la i t10 ? ° f thC kerosene > and diaJk y ] of various fatty acids; partW 

™ ™f h h v agncultural chemists larly the dimethyl amides of fatty glycols and glycol deriva- 

can readily prepare desired compositions. tiv / s such „ J n _ butyl ^ ^ ^ 

lne dispersions m which the compounds are applied are of diethylene glycol, and the methyl ether of Methylene 

most often aqueous suspensions or emulsions prepared from glycol. Mixtures of two or more organic liquids are also 

concentrated formulations of the compounds. Such water- often suitably employed in the preparation of the emulsifi- 

soluble, water suspendable, or emulsifiable formulations are able concentrate. The preferred organic liquids are xylene 

either solids, usually known as wettable powders, or liquids, and propyl benzene fractions, with xylene being most pre- 

usually known as emulsifiable concentrates, or aqueous ferred. The surface active dispersing agents are usually 

suspensions. The present invention contemplates all vehicles employed in liquid compositions and in the amount of from 
by which the compounds of this invention can be formulated 20 0.1 to 20 percent by weight of the combined weight of the 

for delivery for use as a fungicide. As will be readily dispersing agent and active compound. The active compo- 

appreciated, any material to which these compounds can be sitions can also contain other compatible additives for 

added may be used, provided they yield the desired utility example, plant growth regulators and other biologically 

without significant interference with activity of the com- active compounds used in agriculture, 

pounds of this invention as antifungal agents. 25 a™,^,„ „ • • 

, , 6 5 Aqueous suspensions comprise suspensions of water- 

Wettable powders, which may be compacted to form insoluble compounds of this invention, dispersed in an 

water dispersible granules, comprise an intimate mixture of aqueous vehicle at a concentration in the range from about 

the active compound, an inert carrier, and surfactants. The 5% to about 50% w/w Suspensions are prepared by finely 

concentration of the active compound is usually from about grinding the compound and vigorously mixing it into a 

10% to about 90% w/w, more preferably about 25% to about vehicle comprised of water and surfactants chosen from the 

75% w/w. In the preparation of wettable powder composi- same types above discussed. Inert ingredients, such as 

tions the toxicant products can be compounded with any of inorganic salts and synthetic or natural gums, may also be 

the finely divided solids, such as prophyllite, talc, chalk, added to increase the density and viscosity of the aqueous 
gypsum, Fuller's earth, bentonite, attapulgite, starch, casein, 35 vehicle. It is often most effective to grind and mix the 

gluten, montmonllomte clays, diatomaceous earths, purified compound at the same time by preparing the aqueous 

silicates or the like. In such operations, the finely divided mixture and homogenizing it in an implement such as a sand 

earner is ground or mixed with the toxicant in a volatile mill, ball mill, or piston-type homogenizer 

Zut'o S^vJ^ST f S ^ Ct TM C ° mp ? i Dg ?T ^ « ™y also be applied as granular compo- 

SUSl 1 w tu i ^ 6 P °^ de [u mClude « sitions which are particularly useful for applications to the 

sSnS fl ^ m \^ alkylbenzene- ^ Granular compositions y My C0 Z n from about 

£ such as s» i*- s» ^ *• - r rsed * 

* v inert earner which consists entirely or in large part of 

Lmulsinable concentrates of the compounds of this inven- coarsely divided attapulgite, bentonite, diatomite, clay, or a 

tion compnse a convenient concentration, such as from 45 similar inexpensive substance. Such compositions are'usu- 

about 10% to about 50% w/w, in a suitable liquid. The ally prepared by dissolving the compound in a suitable 

compounds are dissolved in an inert carrier, which is either solvent and applying it to a granular carrier which has been 

a water miscible solvent or a mixture of water-immiscible preformed to the appropriate particle size, in the range of 

organic solvents and emulsifiers. The concentrates may be from about 0.5 to about 3 mm. Such compositions may also 

diluted with water and oil to form spray mixtures in the form 50 be formulated by making a dough or paste of the carrier and 

of oil-in-water emulsions. Useful organic solvents include compound, and crushing, and drying to obtain the desired 

aromatics, especially the high-boiling naphthalenic and ole- granular particle Dusts containing the compounds are pre- 

fimc portions of petroleum such as heavy aromatic naphtha. pared simply by intimately mixing the compound in pow- 

Other organic solvents may also be used such as, for dered form with a suitable dusty agricultural carrier such as, 

example, terpenic solvents including rosin derivatives, ali- 55 for example, kaolin clay, ground volcanic rock, and the like, 

phatic ketones, such as cyclohexanone, and complex alco- Dusts can suitably contain from about 1% to about 10% w/w 

hols such as 2-ethoxyethanol. 0 f the compound. 

Emulsifiers which can be advantageously employed The active compositions may contain adjuvant surfactants 

herein can be readily determined by those skilled in the art to enhance deposition, wetting, and penetration of the com- 

and include vanous nonionic, anionic, cationic, and ampho- 60 positions onto the target crop and organism. These adjuvant 

teric emulsifiers, or a blend of two or more emulsifiers. surfactants may optionally be employed as a component of 

Examples of nonionic emulsifiers useful in preparing the the formulation or as a tank mix. The amount of adjuvant 

emulsifiable concentrates include the polyalkylene glycol surfactant will vary from 0.01 percent to 1.0 percent v/v 

ethers and condensation products of alkyl and aryl phenols, based on a spray-volume of water, preferably 0.05 to 0 5 

aliphatic alcohols, aliphatic amines, or fatty acids with 65 percent. Suitable adjuvant surfactants include ethoxylated 

ethylene oxide, propylene oxides such as the ethoxylated nonyl phenols, ethoxylated synthetic or natural alcohols, 

alkyl phenols, and carboxyUc esters solubilized with polyol salts of the esters of sulphosuccinic acids, ethoxylated 



